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Table 1-1

THE DEACON'S MASTERPIECE:

Or the Wonderful "One-Hoss-Shay.'*
A Logical Story

Have you heard of the wonderful one-hoss-shay,
That was built in such a logical way
It ran a hundred years to a day,
And the, of a sudden - ah, but stay,
I'll tell you what happened without delay,

At age one hundred years to the day
There are traces of age in a one-hoss-shay
A general flavor of mild decay
But nothing local, as one may say.
There couldn't be, - for the Deacon's art
Had made it so like in very part
That there wasn't a chance for one to start.
And yet, as a whole, it is past a doubt
In another hour it will be worn out!

This morning the parson takes a drive.
All at once the horse stood still,
Close by the meet'n'-house on the hill.
-First a shiver, and then a thrill,
Then something decidedly like a spill,-
And the parson was sitting upon a rock,

-What do you think the parson found,
When he got up and stared around?
The poor old chaise in a heap or mound,
You see, of course, if you're not a dunce,
How it went to pieces at once,-
All at once, and nothing first,-
Just as bubbles do when they burst.

*Exerpts from a poem by Oliver Wendell Holmes, in *The Autocrat of the Breakfast
Table," pp. 252-256, The Riverside Press, Cambridge, Mass. (1895) relating to
"Structural design for reliability."

I
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Table 1-2

Interaction Matrix Between Molecular Property and Mechanical Requirement;
3 - Strong Interaction, 2 - Medium, 1 a Negligible, - - Unknown,

E - Sum of Interactions

Mechanical Requirement

Molecular Property Tg Ee  To n Eg

Volume Fraction
Plasticizer 3 3 3 1 1 11

Volume Fraction Filler 2 3 2 3 1 11

Degree of Crystallinity 1 3 3 3 1 11

Molecular Weight 3 3 1 1 1 9

Crosslink Density 1 3 1 2 1 8

Chain Stiffness 3 1 0 2 1 7

Monomeric Friction
Coefficient 3 1 3 0 0 7

Heterogeneity Index 2 1 2 1 1 7

Entanglement Molecular Wt 1 3 1 1 1 7

Solubility Parameter 3 1 0 0 2 6

r 22 22 16 14 10

glass temp; Modulus (E) vs time (t) - E(t) - Ee + [E - Ee) [1 + t/To0'n

were E n elastomeric modulus, Eg glass modulus, -O -glass to rubber
relaxatfon time, n - exponent.

2
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Table 1-3

Nomenclature for Polymer Reliability Relations

Symbol Meaning

T g Reference glass transition defined by monomer composition.

r:U c  Summation of molecular molar cohesion.

th Summation of molecular degrees of freedom.

C(t) Time scale correction factor C(t) - 250C.

Tg Nominal Tg as affected by mechanical (tensile) stress o,

moisture concentration CH20, and U.V. radiation effects

on polymer reciprocal molecular weight (M- 1 , number

average.

aT  Time shift factor for rheological response.

T Test temperature.

14t Time dependent modulus.

M Glass (solid) state modulus.

M. Rubbery state modulus.

t,n Test time and exponent.

Relaxation time for glass to rubber transition.

T2  Terminal time for rubber to flow transition.

R| Reliability (- survival probability).

R. Residual reliability at infinite time.

T 0 Relaxation time for Weibull failure process.

- Co  Stress (tensile) for Weibull failure process.

CO  Strain (tensile) for Weibull failure process.

m(t), m(o), m(e) Weibull distribution shape factors for time (t), stress

(a), and strain (e) dominated failure.

3
C4659A/Jbs

- - - - - - - - - -



SC5291.7FR

Table 1-4

Welbull Strength Distributions

Strength
Distribution

Composite Polymer Test R - exp -(Ob/Oo)m(a)

EPON 828/CTBN o

% CTBN T(°C) Tensile (Kg cm) m(o)

0 -150 N - 15 812 7.64
17 -150 14 679 9.78
50 -150 14 1274 15.5
0 100 15 95.6 6.82

17 100 15 42.1 8.33
50 100 15 26.6 5.44

Uniaxial Graphite/Epoxy Interlaminar

Herc. AS/3501-5 Shear o0 (Kg/cm2 ) m(a)
23"C air + 232C spike N a 18 1054 7.60
100C water + 232C spike 16 601 2.20

Metal-Adhesive Joint Single
A12024T3-HT4Z4 Epoxy Lap
SET (hr) BET (hr) Shear oo(Kg/cm2  m()

0 0 N a 12 232 14.5
0 165, 449 12 184 15.4
0 808, 1023 12 165 10.0

21 0 12 208 15.0
20 669, 983 12 160 18.1

Ti-6A1-4V-HT424 Epoxy
SET (hr) BET (hr) ao(Kg/cm2) m(o)

0 0 N -12 270 7.65
0 (670, 1016) 12 182 6.22

21 0 12 272 7.65
21 (591, 997) 12 202 i.35

SET - surface exposure time
BET a bond exposure time at 54C and 195% relative humidity.

4
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Table 1-5

Co-reactants for Three-Dimensional Epoxy-Nitrile
Rubber Block Copolymers

1. Epoxy: DGEBA (Epon 828, Shell Chemical Company), 100 pbw (parts by
weight), Mn 2 380 gm/mole.

0 CH3  0

H 2C- CH - CH2 - 0 _-& C 3 O-CH2 -cH- CH2
CH3

2. Catalyst: Piperidine - 5 pbw

3. Carboxy terminated nitrile rubber (HYCAR CTBN, B.F. Goodrich Chemical
Company) - 0, 17, 29, 39, 50 by weight based on 100 pbw Epoxy + 5 pbw
piperidine.

HOOC - (CH2 - CH - CH - CH2 )5---(CH2 - CH)] -- COOH

CN

Mn - 3300 -3500 gm/mole

4. Mix items (1), (2), (3), above, degas, and cure for 16 hours at 1200C
under dry N2.

0

5
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Table 1-6

Chemical Characterization of Graphite-Epoxy Prepreg Materials

Reference

This Study System

1) Epoxy Marix Hercules Fiberite MARMCO
3501-5 934 5208

2) Graphite Fiber Hercules U. Carbide U. Carbide
Type AS T300 T300

3) % Total DOS Curative
by IR Spectroscopy 29.2 27.8 22.1

4) % Free DDS Curative
oy Liquid Chromatography 18.1 14.5 17.8

5) Epoxide Equivalent 205 227 173

6) Wtt BF3 Type Boron 0.047 0.022 0.0005

7) Relative Degree of Cure
by Liquid Chromatography 22 27 6.9

8) Heat of Polymerization
by DSC (cal/g polymer) 107 107 140

I

6
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Table 1-7

Metal Joint Reliability Studies

1. Metal Adherends: Unclad 2024-T3 aluminum alloy surface treated
by standard FPL sulfuric chromate etch and T8-6A1-4V titanium
alloy treated by standard phosphate fluoride cleaning process.
Coupon size 0.063 in. thick, 1 in. wide, and 4 in. long.

2. Adhesive: HT 424 epoxy-phenolic film adhesive (from American
Uyanamld) with glass fiber carrier and standard weight 0.0135 t
0.005 lb/sq. ft. Unfilled HT 424 primer with parts A and B used
with adhesive.

3. Bonding Process: Treated metal coupons spray primed with 0.001 in.
thickness HT 424 primer solution using clean dry argon carrier gas.
Primer layers dried 30 min ambient 23 C and 60 min at 660C. An
adhesive film is placed in the 1.000 in. x 0.500 in. overlap between
two meal adherends. Six such joints are aligned in a bonding jig
with the glass carrier acting to provide constant glue line thick-
ness 0.008 in. Cure cycles with 60 min temperature rise to 171C
and 60 min cure cycle at 1710 followed by cooling to room
temperature.

4. Tensile Lap Shear Testing: 1.5 in. x 1.0 in. x 0.063 in. alumi-
num alignment shims bonded to eliminate offset. Tests at 23C
using 0.01 in./min Instron crosshead rate and 4.5 In. jaw
separation.

7
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Table 2-1

Detailed Listing of Characterization Methods
(Sheet 1 of 4)

1. Chemical Quality Assurance

1. HPLC (high performance liquid chromatography)
2. GC/MS (gas chromatography/mass spectroscopy)
3. FTIR (Fourier transform infrared spectroscopy)
4. NMR (nuclear magnetic resonance spectroscopy)
5. Elemental Analysis
6. Surface Analysis

2. Processability Testing

1. DSC (differential scanning calorimetry)
2. TMA (thermal mechanical analysis)
3. DMA (dynamic mechanical analysis)
4. TGA (thermal gravimetric analysis)
5. SEA (surface energy analysis)

3. Cure Monitoring and Management

1. Temperature/Pressure/Vacuum
2. AC Dielectrometry
3. DC Conductivity
4. Acoustic Emission

4. Non-destructive Evaluation

1. US (ultrasonic) imersion C-scan reflector plate
2. US imersion C-scan through transmission
3. US contact through transmission
4. US contact pulse-echo
5. Fokker bond tester
6. 210 sonic bond tester
7. Sondicator
8. Harmonic bond tester
9. Neutron radiography

10. Low KV x-ray
11. Coin tap test
12. Acoustic emission
13. Thermography

5. Surface WOE

1. Ellipsometry
2. Surface Potential Difference (SPO)
3. Photoelectron Emission (PEE)
4. Surface Remission Photometry (SRP)

9
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Table 2-1
(Sheet 2 of 4)

6. Performance and Proof Testing
The following presents a listing Of the properties of plastics
reported In this book, the ASYh test numbers and the
equivalent DINI test:

ASTM-OIN Test Equivalents

Units of Measure Test

English Metric SI ASTM DIN

Processing
1. Processing Methods OF 9C
2. Cp'n Molding Temp OF C
3. Inject Stock Melt Temp OF 6C
4. Extrusion Tmp OFO
5. SBulk Factor 01695 D[534661
6. Linear Mold Shrinkage In./in. 0955 0(53464)
7. Melt Flow 1/10 min 01238 DE53735)
8. melting Point F1;t O9. Density lb/t 9/5asm79 (549
10. Specific Volume in. /lb cm /g m/Mg 0792 0[53479]

Mechanical Properties

11. Tensile Str. yield 1031b/in.2  1O2kg/c 2  Wa 0638
12. Tensile Str. Break 1O3lbfin.2  1O2kg/cW2  MPa 0636 0(53455)
13. Tensile Str. low tamp 1021b/in.2  1O2kg/cm2  Mpa D636 0(53455]
14. Tensile Str. high temp, 1031b/in.2  1O2kg/cm2  Mpa 0636 0(53455)
15. Elongation S, yield 0638 0(53455)
16. Elongation %. break 0638 054S
17. Tensile Modulus lO5lb/ In.2 1O4kg/cm2  0(5D38 DE34553
18. Flexural Str. yield 1031b/in.2  1O2kg/cW2  Mga 0638 0(53457J1.Flexural Modulus lO5lb/in.2 104kg/c 2  HP4 0790 0(53452)
20. Stiffness In Flex. 105, b/ In 2  lO4kg/cu2  GP4 0794 0(34
21. Compressive Str. 1031b/in.2  1O2kg/cm mpa D695 0(53454)
22. hzod, notched R.T. ft lbin. Kg cm/cm kJ/m 0256
23. hzod, low temp, ft lWin. Kg rn/cm We/ 0256
24. Hardness (test)

10
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Table 2-1
ASTM-OIW Test Equivalents

(Sheet 3 of 4)

Units of easure Test

English metric SI AST" DIN

Thermal Properties

25. Thermal Conductivity BTU in./hr ft2 *F 10- 4 cal/sc cm2  V/Km C177 0(52612]
C/cu

26. Specific Heat BTY in./hr ft2  caligoC k/kg K C351
27. Linear Them. Expan 10 ln./in.*F 10"  M/ K 06% 0523283
28. Vicat Soft Point OF OC D1525 053460)
29. brittle Tamp *F OC 0746
30. Continuous Svc Tamp OF OC
31. Deel Tamp 264 lb/In.2, 18.5 kg/cN2  1.81 4Pa 0648 D53461]

"F *C

32. Defl Temp 66 lb/In.2. 4.6 kg/cm2  0.45 mPg 0648 D(53461]
OF OC

33. U.L. Tamp index OC/i

Electrical Properties

34. Volume Resistivity Ohm cm 0257 0(53482)
35. Surface Resistivity Ohm 0257 0[534823
36. Insulation Resistance Ohm 9257 D53482)
37. Dielectric Strength V/10 3 in. kV/m KV/n 0149 0(534813
38. Dielectric Constant 50-100 HZ 0150 0(53483)
39. Dielectric Constant 10? HZ 0150 0(53483)
40. Dielectric Constant 104 Hz 0150 0[53483]
41. Dissipation Factor 50-100 HZ 0150 0(53483)
42. Dissipation Factor 103 Hz DISO 0[53483]
43. Dissipation Factor 101 Hz 0150 0(53483)

Optical Properties
44. Refractive Index, Sodium 0 0542 0(534913
45. Clarity

Enviromental Properties
46. Water AbSorp. %, 24 hr 0570 D[53473]
47. Equil. water Content S 0570 0[534733

IA-.
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Table 2-1

(Sheet 4 of 4)

7. Durability Analysis and Service Life Prediction
(Some Current Programs)

1. U.S. Army Composite Materials Research Program
(AMMRC).

2. AFML, "Processing Science of Epoxy Resin Com-
posites, Contract No. F33615-80-C-5021.

3. AFML/ARPA, "Quantitative NDE, Contract No.
F33615-74-C-5180.

4. AFML, "Integrated Methodology for Adhesive Bonded
Joint Life Predictions," Contract No.
F-33615-79-C-5088.

II
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Table 2-3

Detailed Listing of Characterized Properties

1. Chemical Quality Assurance

1. Chemical composition
2. Degree of cure
3. Molecular weight distribution
4. Number average molecular weight
5. Weight average molecular weight
6. Entanglement molecular weight

2. ProcessabilLty

1. Gel point
2. Gel faction
3. Crosslink molecular weight
4. Glass temperat.re
5. Melt (flow) temperature
6. Dynamic storage modulus
7. Dynamic loss modulus

3. Cure Monitoring

1. Temperature/pressure/vacuum
2. Dynamic dielectric constant
3. Dielectric loss factor
4. DC conductivity

4. Nondestructive Evaluation

1. Internal stress distributions
2. Damage zone size
3. Crack growth rate

5. Performance and Proof Testing

1. Stress and environment dependent T_
2. Stress and environment dependent Ty

3. Isothermal stress-strain-time-response
4. Strength distribution
5. Extensibility distribution
6. Fracture energy distribution

-" 6. Combined Bonding and Failure Testing

1. Surface energy
2. Surface chemistry
3. Surface morphology

4. Surface roughness

14
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Table 2-4
Classification of Chromatographic Methods

1. Gas Chromatography (GC)

Gas liquid (GLC)
Gas solid (GSC)

I. High Performance Liquid Chromatography (HPLC)
A. Planar Chromatography

Thin layer (TLC)
Paper (PC)

B. Column Chromatography
Exclusion (EC)

Gel Permeation (GPC)
Gel filtration (GFC)

Liquid-solid or adsorption (LSC)
Liquid-liquid or partition (LLC)
Bonded phase (BPC)
Ion exchange (IEC)

From: H.M. McNair, American Laboratory, May 1980, pp. 33-44.

15
C4659A/J bs

& _

t -- - -- - .--.- n. - - - - -I



SC5291 .?FR

Table 2-5

Decision Matrix of Surface Characterization Methods for
Reinforcing Fiber Coatings (35 to 70 nm thickness)

4 - Excellent

3 - Acceptable

2 - Marginal -,

1 - Unacceptable 4,

•r L Cve.
0-No Information V, C l

So I V 41 I1

4) C.4 Row
.- L ~ '* ~Ave.

Surface Energy Analysis 3 4 3 4 4 2 1 1 2.75

Scanning Elect. Mic. + EDAX 4 1 1 4 4 1 4 1 2.5

Electron Spect. for Chern. Anal. 4' 4 4 1 1 1 1 1 2.13

ASTh Adhesion Test 4 1 1 1 1 4 1 1 1.75

Fourier Transform~ IR 2 2 3 1 1 1 1 1 1.50

Optical Microscopy 1 1 1 1 1 1 1 1 1.0

Secondary Ion Mass Spec. 1 1 1 1 1 1 1 1 1.0

Laser Microprobe Mass Analyser 1 1 1 1 1 1 1 1 1.0

Raman Microspectroscopy 1 1 1 1 1 1 1 1 1.0

C~p 31 r 1."
-C i .- I .I . .- . 9
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Table 3-1

Properties of the Elements

(Sheet 1 of 2)

Code Z SY 1 D X 0 V MY S
No. G/Mole 105 J/Mole 1" 0

1 1 H 1.008 4.35 2.20 0.32 1 1 3.13

2 3 LI 6.941 1.11 0.98 1.23 1 1 0.81
3 3 BE 9.012 (2.28) 1.57 0.90 2 2 2.22
4 5 B 10.81 (2.53) 2.04 0.82 3 3 3.66
5 6 C 12.01 3.48 2.55 0.77 4 4 5.19
6 7 N 14.01 1.61 3.04 0.75 3 5 6.67
7 8 0 16.00 1.39 3.44 0.73 2 2 2.74
8 9 F 19.00 1.53 3.98 0.72 1 1 1.39

9 11 NA 22.99 0.753 0.93 1.54 1 1 0.65
10 12 MG 24.31 (0.971) 1.31 1.36 2 2 1.47
11 13 AL 26.98 (2.06) 1.61 1.18 3 3 2.54
12 14 SI 28.09 1.77 1.90 1.11 4 4 3.60
13 15 P 30.97 2.15 2.19 1.06 5 5 4.72
14 16 S 32.06 2.13 2.58 1.02 6 6 5.88
15 17 CL 35.45 2.43 3.16 0.99 1 7 7.07

16 19 K 39.09 0.552 0.82 2.03 1 1 0.49
17 20 CA 40.08 (1.15) 1.00 1.74 2 2 1.15
18 21 SC 44.96 (2.58) 1.36 1.44 3 3 2.08
19 22 TI 47.90 (2.64) 1.54 1.32 4 4 3.03
20 23 V 50.94 (3.36) 1.63 1.22 5 5 4.10
21 24 CR 52.00 (2.38) 1.66 1.18 3 6 5.08
22 25 1N 54.94 (1.43) 1.55 1.17 2 7 5.98
23 26 FE 55.85 (2.03) 1.83 1.17 3 3 2.56
24 27 CO 58.93 (2.20) 1.88 1.16 2 3 2.59
25 28 NI 58.70 (2.12) 1.91 1.15 2 3 2.61
26 29 CU 63.55 (1.72) 1.90 1.17 2 2 1.71
27 30 ZN 65.38 (0.653) 1.65 1.25 2 2 1.60
28 31 GA 69.72 (1.36) 1.81 1.26 3 3 2.38
29 32 GE 72.59 1.57 2.01 1.22 4 4 3.28
30 33 AS 74.92 1.34 2.18 1.20 3 5 4.17

- 31 34 SE 78.96 1.84 2.55 1.16 4 6 5.17
32 35 BR 79.90 1.93 2.96 1.14 1 7 6.14
33 37 RB 85.47 0.519 0.82 2.16 1 1 0.46
34 38 SR 87.62 (1.05) 0.95 1.91 2 2 1.05
35 39 Y 88.91 (2.74) 1.22 1.62 3 3 1.85
36 40 ZR 91.22 (3.45) 1.33 1.45 4 4 2.76
37 41 MB 92.91 (4.85) 1.60 1.34 5 S 3.73

19
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Table 3-1

Properties of the Elements
(Sheet 2 of 2)

Code Z SY W 0D X V MV S
No. G/Mole 105 J/Mole 10"  m

38 42 MO 95.94 (4.30) 2.16 1.30 6 6 4.62
39 43 TC 98.0 (3.35) 1.90 1.27 7 7 5.51
40 44 RU 101.07 (3.35) 2.20 1.25 3 8 6.40
41 45 RH 102.91 (3.24) 2.28 1.25 3 4 3.20
42 46 PD 106.4 (1.93) 2.20 1.28 2 4 3.13
43 47 AG 107.87 (1.44) 1.93 1.34 1 1 0.75
44 48 CD 112.41 (0.552) 1.69 1.48 2 2 1.35
45 49 IN 114.82 (1.18) 1.78 1.44 3 3 2.03
46 50 SN 118.69 1.43 1.96 1.41 4 4 2.84
47 51 SB 121.75 1.26 2.05 1.40 3 5 3.57
48 52 TE 127.60 1.38 2.10 1.36 4 6 4.41
49 53 1 126.90 1.51 2.66 1.33 1 7 5.26

50 55 CS 132.91 0.448 0.79 2.35 1 1 0.43
51 56 BA 137.33 (1.12) 0.89 1.98 2 2 1.01
52 57 LA 138.91 (2.48) 1.10 1.69 3 3 1.78
53 72 HF 178.49 (4.72) 1.30 1.44 4 4 2.78
54 73 TA 180.95 (5.56) 1.50 1.34 5 5 3.73
55 74 W 183.85 (5.61) 2.36 1.30 6 6 4.62
56 75 RE 186.21 (3.97) 1.90 1.28 7 7 5.47
57 76 OS 190.2 (3.64) 2.20 1.26 4 8 6.35
58 77 IR 192.22 (3.48) 2.20 1.27 4 6 4.72
59 78 PT 195.09 (2.79) 2.28 1.30 4 4 3.08
60 79 AU 196.97 (1.86) 2.54 1.34 3 3 2.24
61 80 HG 200.59 (0.301) 2.00 1.49 2 2 1.34
62 81 TL 204.37 (0.866) 2.04 1.48 1 3 2.03
63 82 PB 207.2 (0.992) 2.33 1.47 2 4 2.72
64 83 8 209.0 (1.03) 2.02 1.46 3 5 3.42

65 90 TH 232.04 (3.42) 1.30 1.65 4 4 2.42
66 92 U 238.03 (3.56) 1.38 1.42 6 6 4.22
67 94 PU 244.0 (2.29) 1.28 1.21 4 6 4.96

68 7 (N2)/2 14.01 4.73 3.04 0.55 3 5 6.67
69 8 (02)/2 16.00 2.01 3.44 0.62 2 2 2.74

20
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Table 3-2

Comparison of Single Bond Energies

Single Bond Energy (kcal/mol)

Element Group Ref. 2 Eq. (2) Ratio
(C.N.-12)

Lithium IA 25.6 6.3 4.06

Sodium IA 18 4.3 4.19

Potassium IA 13.2 3.3 4.00

Rubidium IA 12.4 3.4 3.65

Cesium IA 10.7 3.0 3.57

3.89 + 0.27

Boron IIIB 25.0 15.1 1.66

Germanium IVB 37.6 13.2 2.85

Arsenic VB 32.1 9.5 3.38

Tin IVB 34.2 11.4 3.00

Antimony yB 30.2 10.6 2.85

2.75 ± 0.65

Table 3-3

Lattice Types and Packing Factors

Lattice Type Coordination Packing
Number Factor (C)

Face centered cubic 12 1.414

Body centered cubic 8 1.299

Simple cubic 6 1.000

Tetrahedral 4 0.650

21
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Table 3-4

Calculation of Heat of Formation for BeO, T10 2 , and A1203

Z, SY, W, 0/1E5. X, R/IE-10, V, PH -
4 BE 9.012 2.28 1.57 0.9 2 7
8 0 16 1.39 3.44 0.73 2 2
To continue press ENTER
?

Chemical Analysis:

Bonding Bond % Ionic Bond Moles
Elements Energy Energy Length
A B (J/mole) (MW*E-1O)
BE BE 228000 0 1.8 -1
(02)/2(02)12 201000 0 1.24 -1
BE 0 520951 64.776 1.4617 2
Total 612902 0
To continue press ENTER

Z, SY, W, D/ES, X, R/1E-10, V, PH =
22 TI 47.0 2.64 1.54 1.32 4 7
8 0 16 1.39 3.44 0.73 2 2
To continue press ENTER

Chemical Analysis:

Bonding Bond % Ionic Bond Moles
Elements Energy Energy Length
A B (J/mole) (t*IE-10)
TI TI 264000 0 2.64 -2
(02)/2(02)/2 201000 0 1.24 -2
TI 0 549865 63.3547 1.879 4
Total 1.26946E+06 0
To continue press ENTER

Z, SY, W, D1ES, X, R/IE-tO, V, PH
13 AL 26.98 2.06 1.61 1.18 3 7
8 0 16 1.39 3.44 0.73 2 2
To continue press ENTER
?

Chemical Analysis:

Bonding Bond % Ionic Bond Moles
- Elements Energy Energy Length

A 8 (J/mole) (14*IE-10)
AL AL 206000 0 2.36 -3
(02)/2(02)/2 201000 0 1.24 -3
AL 0 495669 65.1986 1.7453 6
Total 1.75301E+06 0
To continue press ENTER

22
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Table 3-5

Comparison of Calculated and Experimental Heats of
Formation for Oxides

Compound -AH,(calc.) -&Ht (Ref. 7) Difference
(10 J J/mole) (10 J/.mole) (105 J/mole)

A1203  17.5 16.3 1.20

Fe203  13.1 11.2 1.90

T102  12.7 9.11 3.59

MgO 8.13 5.20 2.93

Si0 2  7.91 8.56 -0.65

BeO 6.13 6.10 0.03

M002 5.08 5.43 -0.35

W02  3.26 5.70 -2.44

Au203  2.83 -0.80 3.63

SeO 2  1.82 2.29 -0.47

Sum: 0.94

Std. Bev: ± 2.04
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Table 3-6

Comparison of Calculated and Experimental Heats of
Formation for Chlorides

Compound -AHf(calc.) -&H (Ref. 7) Difference

(10 J/mole)

AiC1 3  6.95 6.95 0.0

FeC13  5.12 4.05 1.07

TiC14  10.1 7.50 2.60

MgCl 3.30 6.41 -3.11

SiC1 4  6.12 6.10 0.02

BeC12  4.87 5.11 -0.24

MOC14  3.86 3.30 0.56

AuC13  1.11 1.18 -0.07

Sum: 0.10

Std. Dev: ± 1.60

24
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Table 3-7

Calculation of the Oxidation Dilation Factor f for Metals

Calculated (for Z 12) Exper. (7,8)

Oxide V(Me) V(MeO) t V(MeO x )
(CC) (CC) (CC)

K20 57.02 20.55 0.36 40.6 0.45

BaO 26.45 13.00 0.49 26.8 0.67

MgO 8.57 6.34 0.74 11.3 0.81

A1203  11.19 11.32 1.01 25.7 1.28

Tb 2  7.84 8.48 1.08 18.7 1.78

Fe203  10.92 11.52 1.05 30.5 2.14

Ta205  16.40 20.31 1.24 53.9 2.50

Nb205  16.40 20.60 1.26 59.5 2.68

MoO3  7.49 11.96 1.60 30.7 3.30

W03  7.49 12.30 1.64 32.4 3.35

molecular volume of metal compound MeXx

'atomic volume of equal moles of metal Ne

Table 3-8

Correlation Between Metal Oxidation State
and IEPS

Oxide IEPS Range Acid-Base

(p14 Units) Character

M20 pH > 11.5 strong base

MO 8.5 < pH < 12.5 intermediate base

M203 6.5 < pH < 10.4 weak base

"02  0 < pH < 7.5 intermediate acid

M4205, MO3  pH < 0.5 strong acid

25
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Table 3-9

Coulomb Bond Energies Between Water and Various Oxides

H \/H 0 \ H

(Ag20) Ag 0 A 0 Ag 0 Ag 0 Ag 0 Ag Ag 6

H\O H 0 H
g

(CuO) 0 Cu 0 Cu 0 Cu 0 Cu 0 Cu 6 Cu 6 Cu

H\ 0  H/ 0 H
B I I

(Fe203) 0 Fe 0 Fe 0 Fe 0 Fe 0 Fe 6 Fe 0 Fe

H 0/H H/0 H

(S0 2)  o Si o si o si o si o si 6 si 6 si

H H\ H/ 0 \H/H0

(Cr03) 0 Cr 0 Cr 0 Cr 0 Cr 0 Cr 6 Cr 6  Cr

Adsorbate:H 20 Monobacic Diacid
Substrate Oxide UM(kJ/mole) UN UM UN

Ag2O 11.8 2.4 46.5 9.6

" CuO 25.7 5.2 46.5 9.5

Fe203  38.5 7.1 46.5 9.3

SiO 2  53.0 10.6 46.5 9.3

Cr03  76.6 16.2 46.5 9.2

26
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Table 3-10

Coulomb Bond Energies Between Ammonia and Various Oxides

H H

H\N/H H/N\H

(Ag20) 0 Ag 0 Ag 0 Ag 0 Ag 0 Ag 6 Ag 6 Ag 0

H H
H I/H H N H

S I I

(CuO) 0 Cu 0 Cu 0 Cu 0 Cu 0 Cu 6 Cu 0 Cu 0

H HH \1 /H H/ N H

* I I

(Fe203) 0 F; 0 Fe 0 Fe 0 Fe 0 Fe 0 Fe 0 Fe 0

H H

H\/HH 
/ N \ H

0 I I

(s502) 0 Si 0 Si 0 Si 0 Si 0 Si 6 S 6 Si 0

H H

H\N/H H N H

(Cr03) 0 Cr 0 Cr 0 Cr 0 Cr 0 Cr 6 Cr 6 Cr 0

Adsorbate:NH3  Monobacic Diacid

Substrate Oxide UM(kJ/mole) UN UM  UN

Ag20 17.5 2.0 46.5 9.6

CuO 38.1 4.3 46.5 9.5

Fe203  57.2 6.4 46.5 9.3

SiO2  78.7 8.8 46.5 9.3

Cr0 3  113.8 13.4 46.5 9.2

27
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Table 3-11

Coulomb Bond Energies Between Chromium Trioxide and Various Oxides

0 0

0 0 Cr
I I I

(Ag2 0) 0 A6 0 Ag 0 Ag 0 Ag 0 Ag 0 Ag 4 Ag 0

0 0
0o//~ o-n, 0\\or1o

0 Cr~
I I I

(CuO) 0 Cu 0 6u 0 Cu 0 Cu 0 Cu 0 Cu 0 Cu 0 Cu

0 0

I pi

(Fe203 ) 0 Fe 0 0 Fe 0 Fe 0 Fe 0 Fe 0 Fe 0 Fe

0 0

~Cr. C\r1
__I I

(SiO 2 ) 0 Si 0 Si 0 Si 0 Si 0 Si 0 Fe 0 Fe 0 Fe

0 0
o 0C~o0, Cr'

(Cro 3) 0 C 0 r 0 Cr 0 Cr 0 Cr 0 Cr 6 Cr 0 Cr3)~ 0Cr

Adsorbate:CrO3  Dibasic Monoacid

Substrate Oxide UM(kJ/mole) UN  UM  UN

A920 24.9 8.8 76.6 27.1

CuO 40.9 14.2 76.6 26.7

Fe203  81.7 28.0 76.6 26.2

S0 2  112.8 38.6 76.6 26.2

Cr03  162.7 58.5 76.6 27.6

28
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Table 3-12

Coulomb Bond Energies Between R-CH 2 SI(OH) 3 and Various Oxides

RCH 2  OH-
H s i o H o-"- o

H H
(Ag20) 0 Ag 0 Ag 0 Ag 0 Ag 0 Ag 0 Ag 0 Ag 8 Ag 0

RCH 2 -- \ OH RCH 2 0--\ OH
H * SI 0H 0-Si - 0
0 0 H H
I I I

(CuO) 0 Cu 0 6u 0 Cu 0 Cu 0 Cu 0 Cu 0 Cu 6 Cu 0

RCH?-_ SOH RCH 2 -\Si H
2 SI~ H 0-510
"0 0' H H

(Fe203) 0 Fe 0 Fe 0 Fe 0 Fe 0 Fe 0 Fe 0 Fe 6 Fe 0

RCH 2-H S OH RCH2 --\ le OH
H Si H 0 -Si0"0 O H H

* I I

(S1o 2 ) o si o ii o Si 0 Si 0 SI 0 Si d SI 6 si o

RCH2 - SiOH RCH20 Si,OH% i S H 0CH- S .
0H  H H* * I I

(Cr03 ) 0 Cr 0 6r 0 Cr 0 Cr 0 Cr 0 Cr 0 Cr 0 Cr 0

Adsorbate:RSf (OH2) Dibasic Diacid

- Substrate Oxide UM(kJ/mole) UN UM  UN

Ag20 23.6 6.63 45.6 16.4

CuO 51.4 14.6 45.6 16.1

Fe203  77.0 21.8 45.6 15.9

SiO 2  106.0 30.0 45.6 15.9

Cr03  153.2 45.6 45.6 16.7

29
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Table 3-13

Bond Properties for Adsorbates and Substrate Oxides

Bond DAB %I LAB U RA RB

+ - - (kJ/mole) (debye)

H - 0 435 34.1 0.94 1.54 0.32 0.73

H - N 366 18.6 0.99 0.88 0.32 0.75

Cr - 0 1051 58.2 1.64 4.58 1.18 0.62

Ag - 0 362 60.9 1.93 5.64 1.34 0.73

Cu - 0 384 59.5 1.76 5.03 1.17 0.73

Fe - 0 421 59.4 1.76 4.56 1.17 0.73

Si - 0 387 59.1 1.70 4.82 1.11 0.73

Cr - 0 494 61.9 1.75 5.20 1.18 0.73

Si - C 303 13.4 1.82 1.17 1.11 0.77
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Table 3-14

Comparison of Revised (Ref. 1 X K) and Pauling (Ref. 2 - Xp
Values of Elemental Electronegativity

AT. SY X xp K-Kp AT. SY K Xp X-Xp
No. No.

1 H 2.20 2.1 0.10 37 RB 0.82 0.8 0.02
38 SR 0.95 1.0 -0.05

3 LI 0.98 1.0 -0.02 38 Y 1.22 1.2 0.02
4 BE 1.57 1.5 0.07 40 ZR 1.33 1.4 -0.07
5 B 2.04 2.0 0.04 41 NB 1.60 1.6 0.0
6 C 2.55 2.5 0.05 42 MO 2.16 1.8 0.36
7 N 3.04 3.0 0.04 43 TC 1.90 1.9 0.0
8 0 3.44 3.5 -0.06 44 RU 2.20 2.2 0.0
9 F 3.98 4.0 -0.02 45 RH 2.28 2.2 0.08

46 PD 2.20 2.2 0.0
11 NA 0.93 0.9 0.03 47 AG 1.Q3 1.9 0.03
12 MG 1.31 1.2 0.11 48 CD 1.63 1.7 -0.01
13 AL 1.61 1.5 0.11 49 IN 1.78 1.7 0.08
14 SI 1.90 1.8 0.10 50 SN 1.96 1.8 0.16
IS P 2.19 2.1 0.19 51 SB 2.05 1.9 0.15
16 S 2.58 2.5 0.08 52 TE 2.10 2.1 0.0
17 CL 3.16 3.0 0.16 53 I 2.66 2.5 0.16

19 K 0.82 0.8 0.02 55 CS 0.79 0.7 0.09
20 CA 1.00 1.0 0.0 56 BA 0.89 0.9 -0.01
21 SC 1.36 1.3 0.06 57 LA 1.10 1.1 0.0
22 TI 1.54 1.5 0.04 72 HF 1.30 1.3 0.0
23 V 1.63 1.6 0.03 73 TA 1.50 1.5 0.0
24 CR 1.66 1.6 0.06 74 W 2.36 1.7 0.66
25 MN 1.55 1.5 0.05 75 RE 1.90 1.9 0.0
26 FE 1.83 1.8 0.03 76 OS 2.20 2.2 0.0
27 CO 1.88 1.8 0.08 77 2R 2.20 2.2 0.0
28 NI 1.91 1.8 0.11 78 PT 2.28 2.2 0.08
29 CU 1.90 1.9 0.0 79 AU 2.54 2.4 0.14
30 ZN 1.65 1.6 0.05 80 HG 2.00 1.9 0.10
31 GA 1.81 1.6 0.21 81 TL 2.04 1.8 0.24
32 GE 2.01 1.8 0.21 82 PB 2.33 1.8 0.53
33 AS 2.18 2.0 0.18 83 82 2.02 1.9 0.12

- 34 SE 2.55 2.4 0.15
35 BR 2.96 2.8 0.16 90 TH 1.30 1.3 0.0

92 U 1.38 1.7 -0.32
94 PU 1.28 - -

31
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Table 4-1
Functional Group Proprties for Polymers

I2.W-34. 1 3 e S.264-s 7.43-2 ohtaleat
2 -4C(C%3)C- 1. 1336 11 2 4.2-S 4. U-2 pgepee..e

9 -CU(CCIC2)- 1.29364 11 1 5.901-3 4.01-2 1.2bucaes
10 -O(C4)- 2.0124 21 1 1.112-4 9.09-2 *yro" ~1@~zm
II 44(C0)0C3 2.634 S3 117.642-5 .U-2 toepacya
12 -*CCIA C0)c3) 2.4S8164 to1 6.89t-3 6. U-2 utohtlahcate
17 -C(C3)0l- 1.36 1 *7 1 2 3.9263-3 4.4-2 "r"to"e ~d
14 -CN(0 )- 1.2414 12 2 3.323-5 4.43-2 ee. leee edipace
10 -U0 M(0)I3I)- 3. 173 23 I7.571-3 7.3-2 wimyl ecyceass
1t -C1(0~)- 2.323 23 1 2.2521-S P. B-2 netomeyat
12 -CUCVAC(O)0I3) 4.3104 20 1 3.44M-5 8. -2 votblc ecyat

13 -a(o0- 1.44 14 1 3.301-S 4.0t-2 ethylen &lcho
Is ..C1(oC(o))- 2. O4 20 1 3.571-5 3. U-2 vinyl acimete
20 - 0- 4.3233 4 1 2.043-5 2.43-2 etoe
17 C (3C 0- 1. 14 20 13 2 .79-5 $-.M-2 acryicd ci

22 -4U(O)- 2.4164 19 1 4.909-S 1.9-2 uretaneacoo
2t3 C . C() 2.5136 20 1 S. sa-3 S.3K-2 viryl ote
20 -0- 1.7336 6 1 4.071-S 4.633-2 otnl heor d
25 .NC(L)- 1.243a 13 2 5.791-s 4.03-2 niern

24 -CCCCL)2- 1.1364 6 1 4.071-S 4.851-2 VInLiden chloride

27 -C?2- 4.81E3 & I 3.63t-3 3.01-2 metflueroethylese
26 -C32Cv2- 1.48E4 14 2 3.701-S 4.4t-2 vlnylidene fluoride
29 .CP(C73)- 1. $"A 13 1 4.943-S 1.01-1 perflnoreqrorylefte
30 -5l((C33)2)0- 1.7294 30 2 0647-3 7.43-2 diaechyLeiloae
31 4$(CC(0)))CGU2((C(0))2)N- I.01 4o 2 7 2.013-4 2.143-1 Smide
32 -a- 6.2433 a 1 2.341-3 3.23-2 oulfide
33 -6(COM2 4.4 23 1 4.043-5 4.409-2 eulfooe

33
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Table 4-2

Sample Computations for Mlethacrylates (Upper Case) and

Butadiene-Styrene Copolymers (Lower Case)

Unit No. Moles Structure Unit Polymer leference

I. Main Chain Units

1 1 -CH2- ethlyene
12 1 -C(CH3)(C(0))CH3)- mthyl methacrylate

II. Side Chain Units

1 11 -CH2- ethylene
Glass Spec. Vol. (M*M*/ka - 9.89634E-04 (CC/G) - 0.989634
Glass C.E.D. (J/M*M*M) a 3.7802E+08 (CAL/CC) - 90.3904
Class Temp (K) - 214.007 (C) - -59.1928
Entang. P&4 (kg/mole) - 88.7177 (g/mole) - 88717.7

I. Main Chain Units

1 0.87 -CH2- ethylene

8 0.87 -CHCH- 1,4-butadiene
1 0.87 -CH2- ethylene
1 0.13 -CH2- ethylene
4 0.13 -CH(C6HS)- styrene

Glass Spec. Vol. (K*M*M/k&) - 1.00516E-03 (CC/G) - 1.00516
Glass C.E.D. (J/M*M,) - 2.96893E + 8 (CAL/CC) - 70.9575
Glass Teamp (K) - 208.462 (C) - -64.7382

....ntang. MW (ka/mole) - 2.58618 (g/aole) -2586.18

34
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Table 4-3

Comparison of Calculated and Experimental Tg (Ref 2,4)

lMethacrylates Vp 62 T He  Ta (exp)

(&/cc) (cal/cc) (C) (ks/mole) (C)

thyl 0.829 144 107 18.2 105
ethyl 0.861 131 63 23.1 61

propyl 0.886 122 33 28.4 31
butyl 0.907 115 12 34.0 12
hexyl 0.938 105 -17 46.1 -19
octyl 0.989 90 -36 59.3 -38
dodecyl 0.989 90 -59 88.7 -62

Bucadiene-Styrene Copolymers
Hole (B) Hole (S)

0 1 0.883 88 110 20.2 100
0.2 0.8 0.902 86 69 12.8 -

0.4 0.6 0.923 82 28 8.2 -

0.61 0.39 0.954 77 -14 5.0 -12
0.64 0.36 0.959 77 -20 4.7 -13
0.72 0.28 0.973 75 -35 3.9 -34
0.77 0.23 0.983 74 -45 3.4 -37
0.87 0.13 1.01 71 -64 2.6 -51,-60
0.95 0.05 1.03 68 -80 2.0 -71,-76
0.99 0.01 1.04 67 -88 1.8 -74

1.00 0 1.04 67 -90 1.7 -79,-87

'-
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Table 4-4
Calculated and Experimental Values of Ne

Polymer e  me (ezp)

(kg/mole) (kg/mole)

poly-n-octylm-thacrylate 59.3 87
poly-n-hexylmethacrylate 46.1 33.9
polymechyluethacrylate 18.2 4.7-10.0
polystyrene 20.2 17.3-18.1
styrene-butadiene copolymer 2.6 3.0
(0.87 mole St. o.13 mole Bd)

poly-1,4-polybutadiene 1.7 1.7-2.9

36
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Table 4-5

Relation of Stress-Strain Curve Number to Test Temperature

Curve Tep Curve Temp Curve Temp
No. (K) No. (K) No. (K)

1 180 8 285 15 390

2 195 9 300 16 405

3 210 10 315 17 420

4 225 11 330 18 435

5 240 12 345 19 450

6 255 13 360 20 465

7 270 14 375 21 480

I
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Table 4-6

Functional Group Properties for Polymers

4

Structure U V M Reference
Group (3/mole) B N (a3/mole) (kg/mole) Polymer

-M-C6H4- -2.58E4 10 3 6.86E-5 7.6t-2 Isophthalate

-P-C6R4- 2.38E4 5 4 8.66E-5 7.6E-2 terepthalete

-0- 6.62E3 6 1 1.06E-5 1.6t-2 ether

-CHCR- 7.49E3 S 2 3.70E-5 2.6E-2 1. 4-butadiene

-S((0)2)- 4.54E4 23 1 4.04E-5 6.AE-2 oulfone

I

38
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Table 4-7

Computed Estimates of ATS Physical Properties from Chemical Structure

Unit Structures Polymer

No. Holes Unit Reference

6 2 -M-C6H4 Isophthalate

5 2 -P-C6M4 Terephthalate

20 2 -0- Ether

8 2 -CHCH- 1-4-butadiene

33 1 -S((0)2)- Sulfone

Class Spec. Vol (HM*I*N/KC) - 7 4B009E-04 (CC/G) - .748009
Class C.E.O. (J/M*M'M) - 5.09055E408 (CAL/CC) - 121.664
Glass Temp. (K) 540.383 (C) - 267.183
ZntanS. W (G/Nole) - 3.39525 (G/HOLE) - 3393.25
U,RV,,N 173220 81 4.9E-04 452 21 (Summed Values)

I

39
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Table 4-8

Relation of Stress-Strain Curve Number to Test Temperature at

Constant Time t 1.0 s

Temperature Temperature
Curve Curve
No. cK No. "c K

1 -50 223 11 200 473

2 -25 248 12 225 498

3 0 273 13 250 523

4 25 248 14 275 548

5 50 323 15 300 573

6 75 348 16 325 598

7 100 373 17 350 623

8 125 398 Is 375 648

9 150 423 19 400 673

10 175 448

40
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Table 5-1

Properties of Comsercial Reinforcing Fibers

(from Ref. 5, p. 47)

Tensile Properties
Spec.
Vol. E (5aFiber (cc/g) (GPa) (

Graphite (UHM-S) 0.510 500 1.86 0.37 3.44
(HM-S) 0.523 360 2.34 0.65 7.60

(HT-S) 0.565 244 2.82 1.16 16.36

(A-S) 0.571 208 2.82 1.36 19.18

Boron (W-core) 0.377 386 3.41 0.88 15.00

Aramid-49 0.690 138 2.76 2.00 27.60

E-glass 0.394 72.5 3.44 4.74 81.53

41
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Table 5-2

Estimated Elemental Properties of Carbon

4CII MA NY CLEIENTS-.  1
ELEMENT CODE NO ") 5
MOLE OF EL Ecrl?? 2
NU,4BER O: C4EMVIAL BONO TYPES =  I
FOP A-B BOND, ELEMENT A CODE NJ =
ELEMENT 6 CODE NO z? 5
MOLES OF 44-8 BONDOSz? 4_

ELE.IENTAR PROPE.RT:ES
Z, SY, 1, 0/IE5, X, R, IE- 13. V PF. =

I a . 0 3.48 .55 "'? 4 5
T. CONTINLE PRESS ENTEP

CAE,.tINL ¢IN LYS: S

B'OND I'i 10L, 11'-
ELEISN7S EN R G E.iERP. E,;T H
A (JOMOL E)
C 3 348030 e i 54 4
TOTAL I 392E+C36 4
TO C04TINUE PRESS ENTER

PHYS ICAL ' N4LyIrS.:
ELEMENTS MOLES
c a
MOLECULA* WT. (CQ'G1OLE)= *E40.1

IOL')- 24 02
SPECIF. VOLJft: -'G)
2=e q?) =) Z=4 )
12954 1 4 1831 2';43

TO CON4TINUE T PUN AND PRESS ENTER
READY

42
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Table 5-3

Estimated Intramolecular Properties of Silica

"DJ Mq~y ELEPME'ITs7
ELEMEYIT CODE N'o =->1
MOLES OF ELEMEt,-ul
ELEM'ENT CODE 40 =") 7
MOLES OF ELSMEI4Tz?
NUMBER OF CMEMICAL SOO TY~= 1
POR Ae-9 BON0, ELEMENT A LODE No ,1

ELEAENq a COoE So -7
M~OLES OF A-8 93NDS=? 4-

ELEMENTARY PPOPEPTIES
Z, SY, W. D/1E5, X, R--E-16. V- PH
14 S1 2S 89 :1.7:' 1 9 1 11 4 7
8 0 16 1.39 3 44 73 2

TO LO-ITINUE PRESS ENTEP

CHE-MICAL At4ALYS1S

8O04Dt47, BOND % IONIlC 80~4c MO.-ES
ELEM'ENTS ENERQY ENERC;Y LE4GTH
A a (J/MOLE) * "E1

SI 0386960 59 15a3 1.7#314 4
TOTAL 1.54744E+06 4
TO CCXTINUE PRESS ENTER

PNYtbICctL ANALYSIS,
ELEMENTS HOLES

?tOLECU..AR WT- .YG'MOLE)ft .06909
(i-iMOLE),- 609

SPECIFLE *GLUME (CCG)
(Zale) (Z*8) ( Z86) fZu4)

1ID4749 .113966 .148114.285
TO SONTINUE TrPE UMN AND PRESS ENTEP
READY

.1-
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Table 5-4

Estimated Intramolecular Properties of Aramid

HOW MANY ELEMENTS? 4

ELEMENT CODE NO-.' I

MOLES OF ELEMENT=? 5
ELEMENT CODE NO -? 5
MOLES OF ELEMPEN? 7
ELEMENT CODE NO =? 6

MOLES OF ELEMENT=' I

ELEMENT CODE NO u7 7
MOLES OF ELT-1ENTul 1
NUMBER OF CHIE-1ICA" BOND TYPES

= - 2

FOR A-S BONO; E..E 'E4T A CODE NO.=0 5
ELEAE'T 3 C03E AO -? 5
MOLES OF q-9 SOrS

= 1 10

FOR A-B BOND, ELEIEM4" A CODE-  .='
ELEMENT 3 CODE '40 =1 5
MO.ES OF A-6 BONDS

= ' 2-

I H 1.0 4.35 V2 .32 1 2

6 C 12 61 3.48 2.55 .77 4 5

7 N 14.01 1 61 3.04 '5 3 a

0 16 1.39 3.44 .77 2 2
TO CONTINUE PRESS ENTER

IrAEIICICAL ANALYSIS:

BONDING BOND % IO"IC 80140 MOLES

ELEME14TS ENERGY ENERGY LENGT4
A B (J-1MOLE) (MVIE-10)
C C 3498ee a 1 54 1
N 2 6 0 8 34433 1 4759 2

TOTAL 4.63534E 06 12

TO CONTINUE PRESS ENTER

FHIS:CAL ANALYS!S:
ELEMENT& MOLES
H 5

;. N 1
0 1
"MOLECUL4'R WT. (Kt-'113LE)s 11912

,G/'AOLE-w 119 12

SPECIFIC VOLLJNE (CCG-) :
( ZUt .) "(Z*3) (2=6;) '.Z=4

179209 .134979 .253482
TO CONTINUE TYPE RUJ AND PRE3S ENTER
READ? e
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Table 5-5

Calculated Specific Bond Energy for Fibers
(Chemical energy/unit mass)

Total Spec.
Mol ar Bond 1401. Bond

Molar of Energy Wt. Energy

Commuerc ial
Carbon (C2) 4 1.39E6 24.02 5.79E4
Boron (B2) 3 7.59E6 21.62 3.51E4
Arami d-49 12 4.04E6 119.1 3.39E4
Alumina (Al2 3  6 2.97E6 102.0 2.91E4

Silica (S10 2) 4 1.55E6 60.1 2.58E4

Aluminum (A12) 3 6.18E5 53.96 1.15E4

Titanium (Ti)2  4 1.06E6 95.8 1.11E4

Iron (Fe2) 3 6.09E5 111.7 5.45E3

Candidates
Boron Nitride (B12"5) 3 9.11E5 24.82 3.67E4

Silicon Carbide (sic) 4 1.21E6 40.1 3.02E4

Polyeth~ylene (-CH 2-) 1 3.48E5 14.0 2.48E4

Carbon Precursor
PAN [CH2-CH(CN)1 2 6.96E5 51.1 1.36E4

45
C4659A/Jbs



SC5291 .7FR

Table 5-6
Estimated Physical Properties of Equimolar TGMDA and DOS

Linear Polymer (see Fig. 5-3)

M~tWE~PDLNE~PREDIC'TION PAP!-1,D H KAELksLE Mk".9i
NOW 144MY ,MA14 CHAIN Jt4!TS11- 6
$TfkUCTJRE UNIT1 No =? 5
MOLES IF STRUCTOIRE UNITN- 4
STRUJCTURE UNIT No0 33
"OLES OF STRjCTURE U:4I1xa) I
SRUJ!'JRE UNIT No z?,

MIOLES OF STRUCTURE iJNIT=- 5
STRUCTUJRE U41T P4O.-A~ JS
"ICILES OF STRUCTURE UN!Tua, 2
STRJCTLJRE UNIT1 No = 21
;13t.ES OF 3TRUCTURE UN~r-: 4
STRUCTJRE UNIT' 43, - 16
M~OLES OF STRJCTJRE UN41T-' -4
HOWd 441f MED -OJPS) NCAIE~a, 3
STRJCTURE uN! hir

_ OES OF~ 2TRUjZT.JRE JNIT=> 2
STR.J:TJRE UNIT! So'J-o 3
MOCLE3 OF STRJ:TJRE UNI?:. 2
S'TJTE JNIt 43 2? 2B
MOLES OP STRU:T.JRE JHI?-- 2

J mAI CHk4N J!4ITS
(141T No. MOLES STRUJCTURPE POLYMEP

4 UPNI REFtREACE4 -P-C)H4- TEREPHTHkLTE
33 1 5 , )2SLOI

2 -CH2.- ETH'LENE
4$ -NC0H>- VINYL ALCOHiOL

16 -4 -C()- EN
11 SIDE COA114 UNITS UE?,

1 2 -CHC- E T 4Y~LE14 EaL S -DH- I1 49BUTAO!ENE
QLI" PEC. 100L (M** )~'. 8 -382661 -04 :CC ) .933266CLA~SS C E.D. (J-ev~R)w 7-13963E.*g (CL'.2C)z 170 Lt31

GLS TED 40s !551. 48, ,,C)a 273.2(,%7
ENT44G. .1W. (KG-MO..~s 4.33352 ('8/qoLE)a 4833 *,
U,14.,S,, 399728 193 8 *~aE-94 '67
TO '0A47j.4UE TYPE RUN AND PRESS ENTER
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Table 5-7
Estimated Physical Properties of 2 Holes of TQIDA and

1 Mole Of DOS Linear Polymer (see Fig. 5-4)

MGNWPER-POLYMER PREDIf.?lON PART-1,0 HKAELbL.E PIAi,Si3

HOW~ MAtY P.AIM C14AIN UNIT&I' 6
S!RJCTURE~ UNIT NO a

MOLES OF STRUCTURE U'41T-- 6
STqUCT'JRE UNIT NOnu? 33
M*OLE-S OF 3TRUCTURE UNIT=? I
STRUCTURE UNIT 40.*-) 1
00O-ES OF STRUCTURE 4*417. io
STRUCJRE UNI1T NO.=,) 19
14OLES OF 3TR'JCTURE UNITul 4
STPRICTURE UNIT NO..., -
MOLES OF STRUCTURE UrlJNI7' 6
*T~iCTURE UNIT 40w?1
1'0LES OF SR--JC1JqE UIITu' - S
M)W "A4NY SIOEi aRUP$--, (NONEzeq' 3
STRUCTURE 041IT '40.v, I
MO-ES OP STRJCTJRS 'rIV~n^' 4
3TRUCTJRE U41;I NO.ft' 8
PMOLE3 O3F STRUCTURE U.'IT., 4
STRU'TJRE UNIT Nr40 29
MOJLE* 3F STRUCTURE 'JN[T=u 4-

I- MAIN CHAM WP1E

UNIT PLM;
.6 -P-C6,H4- TEREPHTNALATE33 .. I -Sc(O)Ba- SULFON:-

1 to -C"?o- ETHTLENE
to4 -CH(OH) VINYL ALC3HOL.

16 -6 -C(O)- KETONEII. SIDE t HAIN UNITS: KTN
4 -C#4&- ETHIYLENE

84 .- CNf-4- 1-4-BUTAD! EI4CO4 -0- ETiHER
-GLASS SPEC.- YaL.CH**Pj)u 8.5914E-a4 (CI-)a .859,914

CL.ASS C.E 0 .(jeMN*Htt)s 6.6S7683E+99 (C;4L/CCu, 159, 605
GLA&S tEMP. (1* 562,6730 C.w e29.4;09
IENTANG. M4. £~MORLfa 5 16813 (3-IqOLE)a 516B 13
U.N,V,,4 63&069 -319 1 3634E-93 1 994 45
TO %^OWTINJE:TYD1Z RUN AND PRESS fNtER
READY
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Table 5-8

Estimated Physical Properties of TGI4DA Linear
IHampolymer (see Fig. 5-5)

MONOWSR-PMYNER PRFDICTION P'AR1-1 0 H KAELSLE MA',SL
HOW N4 M4AIN CdiAIN U'4ITS?';, 5
STRUCTURE UNIT 4O a? 5
MO0LES OF 3TRUC?JRE LIT?-' a
STRUCTURE UNIT NO.&? 1
M OLES OF STRUJCTURE UNI~wr 5
STRUCTURE UNIT NO u? 8
MI0LiS OF *'TRUCTjJRE UNIt.? I
STR;JCTIJOE UNIT ~4.'21
HOLES OF STRUiCTURE UNITw a
STRJCURE UNIT 40-s 19I
IDLES OF STRJCTJRE 'JNIT-u
HOW MANY SIDE G00UPI-P (NONE-0)> 3

* STR'JCTURE U4I1 '40 s 26
MOJLES OF STRJCTURE UNITs; 4
STRUJCTURE U14IT NO w 1
MOLS OF ST~jCTURJE UN'Tz' 2
STR)JCTURT Ua4IT 4ja
MOLjES OF STRJC1'URE JNItTs? 2a-

1. MAIN C4AVI UNITS.

UNIT 410 MOLES STRUCTURE OYE
UNIT REFER214CE

V., -CH2-ETHfL;!Nt
i -CC4-1 -4-BUTAD1ENF

E,1 -NNCCO)- AMIDE
16 -2 -C(O)- K.ETONE

Ii. SIDE CHAIH U?4IT2
*20 4 -0-- ETHER

1 2 -CMS- E TNHYLEN E
9 2 -CNCH- 1 -4-BUTADI ENC

r4LASS SPEC. 9O.Wy*WM~ .45986E-84 (CC/,.)= ,9598S
QLMS$ C E 0. (JeV1*flM)w 5.57993E+88 (CAL-.CCu 133.36
QLS TE01P. <K)a 412,4#5 (!:> 129 a95
EW4ANG. W. (KG/OLf[)w 5.368411 (G/N0LE). 5390 4i2
U, 4, V, 1, 206496 120 5.t74E-S4 .4?2 17
10 CONTINUE TYPE RIJN4 AND PRESS ENTER
RtEADY
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Table 5-9

First Estimate of the Physical Properties of Equimolar
isoamyl-Weopentyl Acrylate Copolymer

PONDERPOLYNER PRtEOICTIflN gPART-1,D.4.'(HELeLE MW,8
HOW RANY %him CIAIN UWItS??, I
STRUCTURE UNIT NO v? 1
M4OLES OF STRUCTURE UNITAI 4
mow MA~NY SIDE GROJPS? (NONE-8), 4
STRUCTURE UNIT NO% 14
MOLES 3F STRUCTURE %1417a? P.
STW4JCTtURE UNIT HO.) I
M1OES OF STRUCTURE JNI?-' 5
STRLJCTJRE UNIT NO.=' 0
WO0.-ES OF STRUCTURE UNIT=! I

* STRUCTURE UmIT NO.&? 3
MqOLES O)F S"1UCTURE iNI Tx? 1..

U.NIT MO0. MOLE3 ZTRUCT.JRE POLYrMER
UNIT R EcF1RE N E

1 4 -CH2- ETH'rLEt4E
11. SIDE CHAIN UNITS:

14 a --cc0)0- ETrI"LEAE F401P Arl

*1 5 -CH2- ETH ,LENE
*2 1 -CW'C143)- PPOPfLEME

3 1 -C( ( CH3 )2 1 iS3rJT.LE!4E
^a~LASS SPEr. WOL(M;1MV1KA)u 9 164VE -84 (CC/G)= .916437
GL:%SS C.E D. (J'*t' 3.441U'SE'88 (C1L-'CC)= 82-62
!L;3S TEMP. (K)- 26e.575 (C)u-61B6251
ENTA44G. HU. -;-KG'MNOLE-u 34.185 (G-.'4OsLE)* 34195
J.H.VPM-M 90160 121 1.77eE-84 284 4
TO CONTINUE TYPE RUN AND4 PRESS ENTER
RE40.Y
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Table 5-10

Second Estimate of the Physical Properties of Equlmolar
Isoamyl-Neopentyl Acrylate Copolymer

MONOMER-POL04ER PREDICTIDN PART-1,D H KHELbLE MAN,8|
HOW MANY MAIN CHA'N UNIT6??
STRUCTURE UNIT NO -? I
.MtOLES OF STRUCTJRE UNT=1 2
STRUCTURE UNIT 40 u,= 2
MOLES OF STRUCTURE UNIT-' 2
HOi MA4Y SIDE GiOUPS? (NONEv0)7 4
STRU.TURE UNIT 40 -? 14
HOLES OF ZTRJCTURE UNIT.' 2
STRUCTURE UNIT 40 =? I
MOLES OF .TRJCTJRE NT,'T 3
STRUCTURE UNIT NO.=?
MOLES OF STRUCTJRE_ UNIT=*, I
STRUCTURE UNIT 40 m? 3
MOLES )c STRJCTJRE UNZTs' 1.

I. MAIN CHAIrs UNITS:
UNIT NO. MOLES STRUCTURE POLYMER'

0NIT REFERENL-E1!J -CH2- ETHYLENE
2 a -CH(CH 3)- PROPYLENE

iI SIDE CHAIN UNITS:
14 P -C( O)O- ETHYLENE ADIPATE
1 3 -CH2- ETHYLENE
2 1 -CH(CN3)- PROPYLENE
3 1 -C((CH3)2)- I O )UT;'LEPIE
GLASS SPEC. VOL (M*MN A/KG)w 9 1643.E-94 (CC/',)= 9i6437
GLASS C.E.0. J,,*M*W)a 3 76?eGE*9 (CAL/CC)- 9-2 5109
GLASS TEMP..' K)a 24 36 (C)a-32.9198
EINANG NW. (KGP/OLE). 34.135 (''4OLE)- 34183
U,H,!,N,N 99203 111 3.77.E-84 284 4
TO CONTINJE TYPE RUN ANO PRESS ENTER
PEADY
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Table 5-11

Relations Between Polymer Chemistry and Physical Properties

Calc. Exp.(16e

Vs  62 T9  Me MePolymerk
Number Polymer ( -) (K) (mr)

1 p-dimethyl siloxane 0.81 68.7 163 10.6 12.2
2 p-isobutylene 1.09 62.1 201 8.2 8.0
3 p-cisisoprene 1.05 65.7 201 3.1 3.8
4 p-cis-transbutadiene 1.04 66.7 183 1.7 2.2
5 p-cisbutadlene 1.04 66.7 183 1.7 3.0
6 p-ethylene 1.09 64.2 150 2.1 2.5
7 p-propylene 1.09 87.5 240 4.9 3.5
8 p-styrene 0.88 88.5 384 20.2 17.5
9 p-a-methyl styrene 0.91 90.3 434 25.2 20.4

10 p-ethyleneoxide 0.86 94.5 190 1.5 3.0
11 p-propyleneoxide 0.92 105.9 254 3.5 3.9
12 p-tetramethylene oxide 0.95 81.0 173 1.8 1.3
13 p-methylacrylate 0.79 113.3 276 13.6 12.1
14 p-methylnethacrylate 0.83 143.7 380 18.1 15.8
15 p-n-butylmethacrylate 0.91 115.3 285 34.0 30.2
16 p-n-hexylmethacrylate 0.94 105.4 256 46.1 45.9
17 p-n-octylmethacrylate 0.96 98.8 237 59.3 57.0
18 p-2 ethylbutylmethacrylate 0.94 112.2 288 46.1 21.4
19 p-vinylacetate 0.79 125.9 304 13.6 12.3
20 p-vinylalchohol 1.12 148.6 362 5.4 3.8
21 p-vinylchloride 0.69 118.4 351 6.9 3.2
22 p-decamethyleneadipate 0.92 78.6 177 2.1 2.2
23 p-decamethylenesebecate 0.95 75.8 172 2.1 2.4
24 p-decamethylenesuccinate 0.90 80.5 181 2.1 2.3
25 p-ethyleneterephthalate 0.72 104.0 348 2.4 1.7
26 p-ethylenelsophthalate 0.72 104.0 348 2.4 1.7
27 p-bisphenol-A-carbonate 0.70 96.4 400 3.5 2.5
28 p-bi sphenol-A-di phenyl-

sulfone 0.75 118.4 533 3.6 3.6
29 p-2-methyl-6 phenyl-1,4-

phenylene oxide 0.80 96.0 613 10.3 1.7
30 p-2, 6-dimethyl-1, 4-

phenylene oxide 0.83 93.2 501 4.8 1.7
" 31 p-caprolactam 0.91 150.5 321 2.2 2.5

32 p-propylene sulfide 0.87 93.1 250 5.4 10.0
33 p-acrylic acid 0.75 171.8 363 9.6 2.4
34 p-acrylonitrile 0.93 136.7 450 6.5 0.65
35 p-tetrafluoroethylene 0.48 47.6 169 12.0 6.6
36 p-acrylamide 0.80 220.3 461 9.8 4.6
37 p-phenyleneterephthalamide 0.73 185.5 938 2.7 0.6
38 p-benzamide 0.73 185.5 938 2.7 0.4
39 p-n-hexylisocyanate 0.93 139.2 299 28.8 3.7
40 p-n-butylisocyanate 0.88 165.5 351 18.6 0.35
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Table 5-12 SC5291.7FR

Summed Properties of Functional Groups

Shear Yield

U H V M N g 12
Polymer j cc ,a. bar (at 293K)
Number (JOT) bar

1 17200 30 86.2 74 2 9.9 0
2 16040 22 88.8 56 2 7.0 0
3 19780 27 103.6 68 4 7.4 0
4 15770 24 81.4 54 4 8.3 0
5 15770 24 81.4 54 4 8.3 0
6 4140 8 22.2 14 1 10.2 0
7 16940 19 66.6 42 2 8.0 0
8 34240 23 133.0 104 2 4.9 446
9 40740 24 155.0 118 2 5.7 804

10 15100 22 55.0 44 3 11.3 0
11 23760 25 77.2 53 3 9.1 0
12 23380 30 99.4 72 5 11.1 0
13 32240 31 97.9 86 2 8.9 0
14 50140 34 120.1 100 2 8.0 696
15 62560 58 186.7 142 2 8.8 0
16 70840 74 231.1 170 2 9.1 0
17 79120 90 275.5 198 2 9.2 0
18 75360 60 231.1 170 2 8.4 0
19 35840 31 97.9 86 2 8.9 98
20 30740 22 71.2 44 2 8.7 600
21 21640 16 62.9 62.5 2 7.2 418
22 86160 136 377.2 284 18 10.2 0
23 102720 168 466.0 340 22 10.2 0
24 77280 120 332.8 256 16 10.2 0
25 60280 45 199.4 192 10 6.4 352
26 62280 50 199.4 192 9 7.1 227
27 80980 52 287.2 254 12 5.1 546
28 166660 79 482.6 442 20 4.6 1104
29 58560 24 210.0 182 5 3.3 947
30 43420 22 143.6 120 5 5.3 1102
31 65100 53 148.9 113 7 10.1 283
32 25200 27 93.1 74 3 8.2 0
33 39240 28 78.6 72 2 9.7 679
34 28240 16 71.1 53 2 6.4 1005
35 4810 8 34.8 50 1 9.9 0
36 52680 29 82.3 71 2 6.5 1105
37 68200 18 126.5 119 6 4.03 2599
38 68200 18 126.5 119 6 4.03 2599
39 69240 61 171.1 127 2 10.1 61
40 60960 45 126.7 99 2 8.5 493
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Table 5-13

Polymerized Silane Chemistry and Surface Properties
19'20

Test Liquid H20 Glycerol Eth. Glycol PG [-200 PG 15-200 P6 1200

"fLV (dyn/ce) 7.28 64.0 48.3 43.3 36.6 31.3
Z"L (djn/cm)'2  9.34 12.16 10.70 10.62 10.20 9.90

OlL/L 1.4 0.94 0.81 0.74 0.64 0.53

svd rsvP

A-Structure Source dyn/cm dyn/ca MSL L (dn/au)1 /2

"21(C2)2"I"(C"2)3. DC Z-6020 30.0 4.6 7.54 7.21 6.99 6.92

CH30I N
CH2-C-C-O-(CK 2 )3. DC Z-6030 8.4 41.7 9.06 8.03 7.41 7.42 6.21

CN2 -C"-CN2O(CM2 )3  DC Z-6040 10.2 43.6 13.23 9.69 8.57 8.13 7.12

(catalyzed)

CD2C"-C"2-0-(C"2)3" DC Z-6040 17.6 ZS.4 11.94 9.01 8.29 7.87

(noacatalyzed)

CI-(C"2)3. DC XZ-8-099 36.5 3.8 9.09 7.80 7.21 7.90

lI-(C"z)3 UC A-1100 17.9 19.8 11.35 7.63 7.76 7.41 7.63

"S-(C42.)3  K XZ-8-09SI 67.4 0.0 8.06 8.33 8.02

CN2 oCN- 28.5 2.1 7.72 6.Z5 6.3S 6.56 6.61 S.90

Analysis of vapor-liquid-solid Interactions for poljmerized coatings of reactive Want coupling agents

with structure R-SI(OCN 3)3.

53
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Table 5-14 SC5291.7FR

Reactive Silane, Monomers19'20

Number Reactive Silane

41 (dimethyl)(dimethoxy)silane - model compound

42 tetraethoxy silane
43 (vinyl)(triethoxy)sllarse

44 (y-chloropropyl )(trimethoKy)sllane

45 ('-mercaptogropyl )(trimethoxy) si lane
46 (methacryloxypropyl )( trimethoxy) sil ane

47 (Y-glycidoxypropyl )(trimethoxy)silane

48 (s-3, 4-epoxycyclohexylethyl )(trimethoxy)silane
49 (yf-aminopropyl ) (trimethoxy) sil ane

50 (y-aminopropyl )(trimethoxy)silane

51 t--aminoethyl-yf-aminopropyl (trimethoxy)silane

52 (4-styryl-methylene-6-aminoethyl-'r-aminopropyl )(trimethoxy)silane

54
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Tabl e 5-15 SC5291.7FR

Linear Hydroxy Polymers of Reactive Silane Primers

Numiber Linear Polymer

41 (dlmethyl)slloxane

42 (dihydroxy)siloxane

43 (vinyl)(hydroxy)siloxane

44 (-v -chi oropropyl )(hydroxy) sil1oxane
45 (yf-mercaptogrupyl )(hydroxy)slloxane

46 (methacryloxypropyl )(hydroxy)siloxane

47 (-y-glycidoxypropyl )(hydroxy) siloxane

48 (p-3, 4-epoxycyclohexylethyl )(hydroxy)slloxane
49 (Y-aniinopropyl )(hydroxy)siloxane

50 (y-anilnopropyl )(hydroxylslloxane
51 N-8-aminoethyl--y-amlnopropyl (hydroxylsiloxane

52 (4-styryl-methylene-8-aminoethyl-y-aminopropyl)I(hydroxy)slloxane

55
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Table 5-16 SC529..7FR

Summed Values of Monomer Group Properties for Lienar
Hydroxy Polymers of Reactive Silane Primers

U H V M N

Number J/mole (cc/mole)

41 17200 30 86.2 74 2

42 44800 36 95.4 78 2
43 34350 33 105.6 88 2

44 52640 49 153.7 138.5 2

45 47540 57 161.7 136 2

46 66280 72 227.4 188 2

47 64550 77 215.6 176 2

48 62630 52 242 186 2

49 76360 56 151 119 2

50 76360 56 151 119 2

51 121720 79 211 162 2

52 157150 100 359 278 2

I
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Table 5-17 SC5291.7FR

Calculated Properties of Linear Hydroxy Polymers
of Reactive Silanes at Tg

Vs  82 Tg Me

Number (cc/g) (cal/cc) (K) (kg/mole)

41 0.80 69 163 10.6

42 0.84 162 325 12.1
43 0.83 112 276 14.6

44 0.77 118 284 29.4
45 0.82 101 226 29.8

46 0.83 100 246 50.5

47 0.85 103 227 45.8

48 0.90 89 315 51.8

49 0.87 174 354 25.0

50 0.87 174 354 25.0

51 0.90 198 396 41.7

52 0.89 151 404 96.3

i
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Table 5-18 SC5291.7FR

Correlation Between Crosslink Density (04 c) and Maximum Network
Extensibility lb(max) KtIM/0)1' 2

Tg (Kc/p)1/2

Polymer (C) (cc/mole)1/2  xb(max) K Ref.

Silicone elastomer -123 153 6.85 0.045 28

SBR elastomer -61 113 7.20 0.064 28

Polybutadiene -86 112 5.09 0.045 28

EPR elastomer -55 105 6.85 0.065 28

Butyl elastomer -70 104 6.17 0.059 28

Viton - b elastomer 93 5.19 0.056 28

Butyl elastomer -70 92 7.20 0.078 28

Epoxy thermosett 115 31 1.59 0 051 28

Epoxy thermosett 72 23.2 1.27 0.055 29

Epoxy - polyamide 45 34.6 1.46 0.042 29

Epoxy - polyamide 20 56.4 1.95 0.035 29

Epoxy - polyamide 6 72 2.50 0.035 29

Viton - B elastomer 466 19.10 0.041 30

Viton - B elastomer 245 15.5 0.063 30

Viton - B elastomer 187 12.6 0.067 30

Viton - B elastomer 143 8.9 0.062 30

Viton - 8 elastomer 128 7.9 0.062 30

Viton - B elastomer 92 5.7 0.062 30

Epoxy - CTBN (50%) -50 52.4 2.78 0.053 31

Epoxy - CTBN (39%) 47.0 2.41 0.051 31

Epoxy - CTBN (29%) 34.6 1.56 0.045 31

Epoxy - CTBN (17%) 30.6 1.32 0.044 31

Epoxy 100 29.2 1.35 0.046 31

Ave. - 0.0515

Std. dev. u ±+0.0150
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Table 5-19

Correlation Between Entanglement Crosslink Density (p/Me) and Maximum
Craze Extensibility Ac a Kc "

Me

Polymer (gm/mole) (e/p)" 2  kc Kc

p-tert.-butylstyrene 4.3E4 203 7.2 0.035

p-para vinyltoluene 2.5E4 151 4.5 0.030

p-styrene 1.9E4 129 3.8 0.029

p-styrene-maleicanhydride (9 wt%) 1.9E4 128 4.2 0.033

p-styrene-acrylonitrile (24 wt%) 1.2E4 103 2.7 0.026

p-methylmethacrylate 9.2E3 87 2.0 0.023

p-styrene-methylmethacrylate (65 wt1) 9.0E3 87 2.0 0.023

p-styrene-acrylonitrile (66 wt%) 6.4E3 76 2.0 0.026

p-2,6 dimethyl-1,4-phenylene oxide (-E) 4.3E3 60 2.6 0.043

p-2,6 dimethyl-1,4-phenylene oxide (-M) 7.4E3 78 2.6 0.033

p-bisphenol-A carbonate 2.5E3 42 2.0 0.048

Ave. - 0.032

Std. 0ev. a ±0.008

Note: Me and Ac data generated by experiments of Donald and Kramer (Ref. 7)
and P is calculated from molecular structure.
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Table 5-20 2

Correlation of Polymer Cohesive Energy 8 Density and Maximum
Tensile Strength (a11)b at 88 to 130K

Calc. Nleas.

Chemical Composition 6(o)b (A 2)b/62

(bar) (bar)

1) Fluorocopolymer

(C2F4 )1.0 (C3F6 )0 .136  1667 980 0.59

2) C2F4 Homopolymer 1735 794 0.46

3) Fl uorocopolymer
(CF2CFC) 1.0 (CF2CH2)0.031  2608 1147 0.44

4) Bisphenol-A Carbonate
(OC6H4C(CH 3)2C6H40C(0)) 4088 1333 0.33

5 Polyethylene Terephthalate 5225 2108 0.40

6 Polyimide
(N(CO)2C6H2(C02)NC6H4OC6H4 ) 6186 2157 0.35

Average 0.43
Standard dev. t 0.09

I
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Table 5-21 SC5291.7FR

Estimated Cure Path Properties of Equtlolar
TGDA and DOS (see Table 5-6)

A A D B ,O!tEACtIO4-MO.. dT. DI.;T -THERMAL T"RANS -0 4.KkEL9LE-OT
2, 1982

!F 40NSOICHIOMER!C REACTION MAv.E MOLES 09 B IN EXCES,
14OLES OF T.YPE A (ROLE).-) I
TYPE A FUNTIO4ALTY()>e)m 4
MOL WT OF TYPE A (G/P'OLEf-' 248
MOLES OF TYPE 8 (MO,..E)=' I
TYPE B FONCTIONAL.ITY %*,t)U 4
40L WT. 3F TYPE B (G@-JLE)-? 422
FRACTION OF MOLECULES OF FUHCTIONALITY >-1 1
NUleE OF 4 AND 9 MAIN CHAIN AlOS Ca1 A2)u '  1 17
MO.. WT. SEtWEWEN ENTAN .. ,EiTS ( ,OLE)-0' 4833
.LASS CO OZNRATION NO184E. ((Z<1) "'> 10
qON3qEi A.40 LINEAR PXYM R ,LA3S TEERTURE, S',) IN 'JE, K-
'1 260,$551
aEL POINT (A A REACTED)a 33.3333

E;EL POINT 9 REACTEO)- 33.3333
!.:TAL MUM AVE DEG. OF POLYMERIZATI0, 4 2i36
TO ANALYSE POLYREkIZFT|ON PRESS ENTER'
", 9 BRAN4CH MUMI. VE WiT AYE GLASS FL 0'.0
REACTED COEF RWtG.'RODL) MW(G/140L) TEmIP(K) TEMP(K)

) e 335 335 f;S 2633.48383 326;E7 a333 '66? 359 *77 334 519 2£69 469 277 7"31
f, 65334 96SS334 39E 42 446.388 2? 9 653 28:3 48

9 90831 39910a1 418 541 525.98290,638 390 0S
13 3OS7 133367 456 486 631 79 3,02 52 312 535
16 6333 166333 501 99a 779 384 3!5 416 316 23
19.96 199S 557 59 1031.66 3.9 46 341 23
23 2. E32a67 S92.999 1370.31 344 313 357 $a
26.6i34 266134 16 t2 1 2163.95 361,567 37i 5l;
-9 94 94 4 934.99S 4276.86 388 253 398 276
33.e66? .33267 too1 e23324 400 353 491 121TO0 ziN,' YGE CRO$St.I4qKtNq; PRlE3$ zNTER).' -

%Al 9MCH kW?. FR. NU-4 AYE X-LINK -'qW GLASS
REACTED COEF - GEL MW( G'MOL (Gw43L ) TEMP(v
33 4169 334169 .91S0901 1010.0) 2 62126E+,7 401 8 3'
34.2996 .349 .199 1066-05 21e941 407 83
35 2344 352344 feU 1139.62 54751 9 415 019
36 43!v .364317 . 1234.5 23479 1 423 796
37.7555 377$55 r. . 1367.9? 12439 1 434 764
39 333 7  .393337 950 1576 37 '370 28 449 9;7
41 2796 %418766 .6.4 1920.57 4653 78 469 049
43.7981 .433901 .03 2790.79 3035 76 495.843
47.S477 -.47'3477 - j!92 315.3 1387 84 541 671
53.317 .5331-7 ,.ei 3 25E+09 1243 37 59a 897
90 08 "' .0687 At 3 3SE+08 344 a9' 727 735

9 REACTED& 941.f7 10 CONTINJZ TfPE RUN 443 P, EsS ENTER
REAa3-
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Table 5-22 S59.F
Estimated Cure Path Properties of 2 Holes of TGMOA4

and 1 Mol e of DOS (see Table 5-7)

4i AND 6 ;REACTON-NOL. WT. DIST.-THERMAfL TRANS -O.H KkELBLE-OCT
.27. 1982

IF N'4NTOIC9I:0AETRIC RE4CTION HAVE. HOLES OF 8 IN4 EXCAESS
MOLES O F iPE A IwOLi" 1,8
TYPE A FUlNTIQN1LIT ('' '2)av 4

* MOL WT. -OF TYPE A CGN)1'3.E)-4? 248
14OLCS OF TYPE 9 (ROLE)&? Z
TY'PE 8 F'NCT1OMALITY *,u)2)v? 4

* MOL. WT. OF TYPE 8 (G/NOLE)-? 422
FRACTION OF MOLECJLES OF FU14CTIONAL!1'Y >2=1 1
HUMOER OF A F44 -1 MA!IN CHAIN ATOMS -.1-rqOL WT OEtiJEEM E,4TAI4LEXNTS (G/MOLE)'? 5163
ZLASS ,0DIN4TI34 H4UMBER 10Z 8)?i
'IONONER AN4O .v4EAR ?OILYMER GLASS TEMPERATUPES 'T.,T'2) .' DEG K--

28' 4

OJE POINT4 :% 4 REACT'_Lj)= 66 66S7~
,sEL 03INT '% 9 REA:TSD)= 33 33*3!
.NI"1wL 4LPI. AVE. JEG 31- POLYMERIZAVTION-3 E. 49
0 ANAL YSF P'iLYI;ER..ZA-lO PRESS ENTER'

BRqHCH HuM AVE WT. AVE GLS FO.
PE-4?Efl COEF. 14J( GMO4L ) *W( G/MOL )TEM'k E) ?M7 .

a 9 364 364 Z68 ags 06i
6 i5334 .~A6a32;' 369 944 41' aa6 ese 635 27 179
13 38S? .0665334 419 971 4815 133 Z77 962 286 334
13 96 .3999S00 454 773 571 4.s7 2' 74-. 29') 40-
26 6134 ..330V6 496 083 69t; 4") 298 36 308 694J33 2667 '.66133 ~345 455 84' 33'7 V9 796 320 9i:
39 92 ~96 605 $5 1 1083 37 32i 123 334 215
46 5714 . 32867 So1 368 1488.93 333 492 343 82.)
53 2267 .;66.34 "s Be! 2396.08 349933~ 365 143
59 Baal i~9314 387 V'9 4646.32 365 3e7 384 1'
66 5314 nu326 .S9.9.63 e4265') 393 135 475 19'

TO ANALYSE CROSSLINKIG PRESS ENTER?
%A IANCH WT. FR. -RUM AVE X-LINY MW GLASS

REA'.'?EO COEF. GEL NW(C.'?OL) (G'WOL) TEPP\K)
66.6339 .334169 ~..619668 1697.51 2992351.E7 393 9'8
68.5993 .34299* .109 1159.ei 230396 388 993
70.5888 '352944 .208 1237.62 59491 5 395 -3

-7! 0634 ;364317 -367 1341.36 25511 6 432 3a2
75.5111 .377555 .4aS 1486.39 13515.9 411.5?2
70-6674 .393337 595 17a6 31 8888 31 423 35:
81 55P3 ..4 12796 .684 e684 83 5056 65 439 291
87-996r- 4437981 ."3 2934 59 3298 5s 46? 023
94 69154 _.f#?477 .602 6961 99 2159 05 499 291
9) 926S6 .4932 348 435168 1719 73 538 892

%i S *EAcEDn 49 ft3Z TO CONTIN'JE TYPE RUN AND PRESS E4TER
READY
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Table 5-23 SC5291.7FR
Estimated Cure Path for TWIDA INamopolymer

(see Table 5-8)

A AN COREACTN0-KOL~taW?. 013T -THERMA.L TRANS -0 HKHELSLE-OCYT

IF OS OC1 *WA:TVfl4 HAVE M:JLES OF B IN4 EXCESS
TYPE A fUNTIONALITYCAd3 a 4
MOL. UT.10FYVPJE-A, wmoI.pft. 42
MOLES OF TYPE . CROLE).T# I
tYPE 9 FU4CToturv ce)L)47 4
PIOL. WT. (W TYPE'& (C'fOLE)aP 42e
FRACTION BF MOLECULES OF FUNCTIONALI TY )2.u 1
NUMBER 0f A ANO S AA1% CH4AIN ATOMS tAj1.A2)ai i7,17
IOL. - T. BETWEE4 EETANCLEwe (GO'MOLE)=? 5330
iaLASS COORDINATION NU4SER-C(2.c1Ba7 10
NO040NER A40Di .I NEAA 10LYME GLASS TrEMPERATu ES (T I .T2 I N DEQ K-

,nEL POINT (% A PlEACTEO)- 33 3333
GEL -P0IMT ('% 9REACnED)a 333
INI1lIAL MUN 014E. -DEG OF POLYIRERIZATIONR 4.5.74-1
TO ANAOLYSE PJL.YMERIZA*104 PRESe E47EPI
% A BRANCH4 t4. AVE. WT. AVE. GL.ASS FLOW
REACTED COEF. 4W(rA-NOt ) 1W( G/MOL TEt4Pc~t, TEPPK)
0 13 422 422 2ce 268 5
3,326c? .0332667 45e 878 484.38 2F,6 258 275 247
6-65374 0665334 486 773 56e.315 2?2 824 292 1449 199801 .e9a8es1 5a7.e37 662 455 2'9 722 28) 84

* 13 3967 131467 .5,75 637 795.863 286 978 297 73
16 6333 :166333 632 366 982.42Z 294 6Z1 306 22t
19 95 193s "6t-397 1261-79 302 681 315 2i23 t867 uees207 789 age a'e6 18 311 196 32e5 05'26.6134 26"134 1 oqua94 . MO5 35 3,?8 203 335 89?1
e9 94 .-P9"4 1651'-V5 3806.56 329 147 348 69333.2667 .332661 124e.96 291322 339 97, 43' 952

TO ANALYSE CROS3LINX144 PRESS ENTER?

%A RANCH klT. F*. - UM. AV~E. X-LIN. MqL, GLASS
ALACED COEF. aRL .NCG-MOL) '(G-MOL) TEMP.r.

' 33 4169 .334169 .91OWOI 127e,38 3 363E*07 340 3 i
34 e996 .342996 .109e 1343 92 267198 343 2C?

u 35.2944 .352944 .26 1434 03 68978 9 346 e2i36 4317 .364317 -A .3g7 1555 1 e9576 7 3r'i 202e
-3" 555 .3"S55 .496 17e3 e3 15669 5 3156 $915

39.3337 .393337 $05 1979 19 3124 36 3Z3 '53
* 41 8736 412'%86 684 2419.35 596i 38 373 :66

43.7981 .39 1 .0083 348e 19 39e4 16 3a6 481
47.3477 .4734?? .#*a 7955.39 25113 S7 40)1 36e
53 317 331rl ef4 4.aZE+S 156-z 5 431 !08
" 01807 .se i 4.18E+99 -434 467 530)e
0i REACTEOu $$.So? T0 CONTINUE TYPE tL14 AmD PRESS Z'4TE;

READY
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Table 5-24 SC5291.7FR
Estimated Polymerization Path for Equimolar Isoamyl-ideopentyl

Acrylate Copolymer (see Table 5-9)

A AND' B COREACTION-M3L. WT DIST -THERMA~L TRANS.-O H..KEl-bLE-OCT

IF NONSTOIC410'qETRIC RfErCTION HAVE MOLES OF 8 IN EXCESS
PVOLtS OF TYOE A (IIOLt)'w I
TYPE A FUNHiDN4t1T(i>2)=? 2

M ! W' OF TYPE A (GMOLE)=? 142
M1O'.ES OF TYPE 9 (MaLE)w' I
TYPE 8 FUNCTI0HNgLIY Cu>2)u;- 2
40L. WT. CJF TYPE 3 (G/PIOLE)n? 14c!
':R-4 'TIOH OF :IOLECULES OF FUNCTIONALITY >2=1 0
AUmB1ER OF A AND B MAIN CHAIN qT0Oi8 (A1A2,.? 2,2
'40.. 4T. 3ETsJEEN, EMTANG'EMj4TS (fML)?341,85

LASCOOR0!IAT-ON MtJPBER :O<V 1)-- IS
r10H4Mi4 A'10 t..1NEAR P3L'YMER -!LASS TEMPERATU4ES ?1')IN DEG K=
'61,240

*;EL. PO:NT A 9EAC1'ED)s See
GEL. PO:t4T (8 B EACTED)4 10~3
INIT~IAL HUMt AVE - DE % OF P-)LYME1RIZATI)N4a 1 0,13711
T-1 A49YSE POLYNERIZA7104 PRESS E4rEre: -

14 A BRANCH HUM. AVE WT AVE t;LtSS FLOW
REACTe-D COEF. MW(G,-4OL' HN Gd4V)L) TEMP.K) TEMP.K)
* a 142 142 69 ?0 8494
9 9901 9 96096E-83 143 429 144.85' 69,4;132 71,3917
19 96 18399482 14),892 153 784 '1.0159 73,096S
23.94 .089640! 155 99Z 169 9jS 73 7926 ?6 0596
39.912 .159361 163 919 195 333 77 93a1 80 391
49 9 e249061 19.082 e36 1i3 93 991a 87 1751
59 soot 358562 22!1,379 3aa 255 92 6.766 96 i839
69 8601 488943 277 36') 412 734 195 '85 1ie18 5:
23 81101 S37444 391 663 641 32' 126 415 132 78-
&3 seet aSS6763 734.6M 1327,71 162.e94 1'1 11_
93.8991 39 6 35"52.9 >a963.9 e37.649 26 913
%1 9 RECTS~ 99.9801 TO CONTINIJE TYPE RUA4 AN4D PRESS ENTZP
READY
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Table 5-25 SC5291,7FR

Estimated Polymerization Path for Polystyrene

AND B COREACTION-MOL. WT OIST.-THERMHL TRANS -0 H VAELBLE-OZT
27,1992

IF NONSTOICHIONETRIC REACTION HAVE MOLES OF 8 IN EXCESS
MO-ES CF TYPE A (OLb? 1i
TYPE.A FjNTQNALITY(.)u)*? 2
MOL. WT. OF TYPE A (G'MOLE),, 164
MOLES OF TYPE 9 (MOLE)e? I
TYPE B FUNCTIONALITY ("))' P

,OL. WT. OF TYPE 9 (-/MO.E)-. 104
FRATION OF MOLECULES OF FUNCTIONALITY '-' 0
NUMBER OF A AND 8 MAIN ChNAIN ATOMS (ALA2)=' 2,2
ROL WT. BETWEN ENTNGLZME4TS (C-'POLE)* 2 2 e
GLASS CO)RDISATIOH NUMBEq (9(Z'10)xl 19
MON3RER AND LINEAR PaLYMER GLASS TE, qERATURES (TXT_ :N JE; ,:

GEL P31NT (% A REACTED)= lea

^AEL POINT 9 9 REACTED)a 190
IHITIAL AU. AVE- DEC. 9c POLYMERIZATION- 1 0-365
TO ANALYSE POLYMERIZATION PRESS EHTEQ - -

%A BRANCH NUM. AVE WT. AVE GL.SS F.OW
PEACTED COEF. MW(G'RL.) 4W(CIMOL) TEMPk,) TEMP, K)
9 S 134 104 110 111 841
9 998a1 9.960SE-S3 1S5.046 106 093 11e 787 112 69-
1396 .0398492 1.0.315 L12 631 113 !19 115 2a9
29 94 .S964a5 114.241 124 481 117 517 119 863
39.92 .159361 123.715 143 431 1a4 123 126 8s
49.9 .e4)01 138.492 17? 9S5 133 '6' 13' as
59,.See .159562 16#.136 E2 B71 147 1;19 151 Ba:'
69 9601 .48043 203.14? 3e a4 15S8 "4 173 -44
79 8401 .637444 ?66 6 459 7a4 21 77' 208 45
89.0a1 .06;65 S3* 204 97Z 408 259 226 268 1
99.0001 .936006 26030.7 51073 5 386 217 40'7 7:1)

% 3 WAACTEDo 9.a00,1 TO CONTINUE TYPE RUN AND PRESS ENTEP
READY
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Table 6-1 SC5291.7FR

Chemical Structure and Thermal Transitions of
Six Film Forming Polymers

Thermal
Transition (K)

4o. Repeat Unit Structure TY Tg Tc

11
1 jCF2 - CF21x [CF2 - CF 10.14x 177 358 555

2 -CF2 -CF2- 177 400 600

Cl
C1

CH31 3

4 C- -, C 176 423 538

0 CH3

0 0

C-CHH2-CH2 O-C0-C.L C 243 350 536

0 0
II II

6 % - 180 530 -
NC C 0

I, II
0 0

T is an amorphous transition below T involving local motion of 2-4 atoms.
T is the amorphous glass transition involving cooperative motion of
g 20-40 atoms in chain segments.

Tc is the crystalline phase melting temperature involving cooperative motion
of the entire polymer molecule.

67
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Table 6-2 SC5291.7FR
Input Format for Chemical-Mechanical Property Program

(Upper symbols found in Ref. 1 and lower symbols in Table 6-3)

Polymer or Experiment Name
R1

AOS

Mp Xp rh p p (TgAR)p

R2 (g/mol) (mole) (g/cc) (K)

AA AB AC AD AE
ZgpV 6p ARp

Polymer R3 (cc/mol) (cal/cc)1 /2  (S 1)

Properties AF AG AH Al AJ

Mo  Mc  Me T g

R4 (g/mol) (g/mol) (g/mol) (S)

AK AL AM AN AP

O XD rho PD (TgAR)DO

R5 (g/ol) (0ol) (g/cc) (K)

Diluent AQ hR AS AT AU

Properties ZgD VGD qLD 6D

R6 (cc/mol) (cal/cc) 1 / 2  (S- )

AV AW AX AY &Z

Use A t i  T aT KT

Condition R7 (S-1) (S) (K) (K)

BA BB BC BO BE

C1 C2 C3 C4 C5

68
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Table 6-3 SC5291.7FR

Input Nomenclature for Chemical-Mechanical Program

Row Symbol Meaning

2 AA Polymer molecular weight (number ave.)
AB Moles polymer
AC Polymer repeat unit rotational degrees of freedom
AD Polymer density
AE Polymer glass temperature at reference strain

rate AJ
3 AF Total adjacent lattice (Z) sites for glass

(nominally - 10)
AG Polymer glass repeat unit molar volume
AH Intermolecular lattice sites in polymer liquid

(nominally - 9)
Al "olymer solubility parameter
AJ Strain (or thermal scan) rate for reference polymer

glass temperature (nominally - 1.0)
4 AK Polymer repeat unit molecular weight

AL Molecular weight between crosslinks (number ave.)
AM Molecular weight between entanglements (number ave.)
AN Relaxation time at T (nominally - 1.0)
AP Polymer-diluent intepaction parameters

(nominally - 1.0)
5 AQ Diluent molecular weight

AR Moles diluent
AS Diluent molecular rotational degrees of freedom
AT Diluent density
AU Diluent glass temperature at reference rate AZ

6 AV Total adjacent lattice (Z) sites of diluent
glass (nominally- 10)

AW Diluent glass molar volume
AX Intermolecular lattice (q) sites of diluent

liquid (nominally - 9)
AY Diluent solubility parameter
AZ Strain (or thermal scan) rate for diluent reference

glass temperature (nominally - 1.0)
7 BA Mechanical (or thermal scan) strain rate

(nominally - 1.0)
sB Constant time for isochronal stress-strain response

(nominally - 1.0)
BC Starting temperature for family of stress-strain

curves
BD Temperature increment
BE Number of temperatures

69
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Table 6-4 SC5291.7FR
Nomenclature for Intermediate Results in

Chemical-Mechanical Program

Line
No. Symbol Meaning

1 BF Wood constant in T calculation
BG Rate ratio in polymer Tg calculation
BH Log BG
BI Polymer Tg at rate BA (K)
BJ Polymer Tg change with shear stress (K/bar)

2 BK Rate ratio in diluent T calculation
BL Log BK
BM Diluent T at rate BA (K)
BN Diluent Tg change with shear stress (K/bar)

3 TG T of polymer-diluent at zero stress (K)
UR Palymer-dlluent T change with shear stress (K/bar)

4 BO Volume fraction polymer
BQ Volume fraction diluent
BR Cohesive energy of polymer-diluent solution (cal/cc)

5 BS Fraction of effective crosslinked segments
BT Fraction of effective entangled segments

6 BU Glass state shear modulus (bar)
BV Rubber state shear modulus at Tg (bar)
BX Rubber state shear modulus at T, (bar)
BY Rubber state shear modulus at Tm (bar)
BZ Crosslink network shear modulus (bar)

7 SB Brittle shear strength (bar)
TL Log1o (Tm/T )

TM Mel (or fl8w) temperature (K)
NH Fraction Neohookian versus Hookian tensile response

8 T Current temperature (K)
SM Flow shear strength (bar)
SS Current shear strength (bar)
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Rockwell International
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SC5291 .7FR

Table 6-5
Estimated Mechanical Properties of an Acrylate Copolymer

PaLYMEP-DILUE4?UE0U1MOL;%R ISDA14YL-14EZPENTYL 44CRYLATE
POLYMNER PROPERTIES.
AA,8,',D.AE-1 03E+06 1 1-21 1 0'9 230~
AF,~AHAI.,AJ- lai 269 9 9 07 1
kKAL,4MA4,AP* L194 1 *3WE.OG 34EOO 1 1
c'!LIUENT PP0ERTIES
AQ~kRASA,12TUu t4 0 121 1.03 59
AVAAXAYZ* 113 260 9 9 8) 1
TEST eONDITIONSt

8,8.8,aD8E- 1 100 25 15
FRACTION .NE043KIPIN TINSILE RESPONSE= 0
PRESS E)4TZR TO CO04114UE

IHTERr4EDIATE RESULTS;9 F,9,H,8I,Bju I 1 -9 230 114851
9K,8L,8M.BNu 1 .0 59 .114391
TC!UR- 239 114391
E;0.8Q,BRu 1 8 82.2649
SS.St= 0 .933592
SU.3V,bX.By-9Z- V7547.3 07547.9 .6093?7 *i5?375 8
SB,TL,pq,mH-~ 960-491 12.1372 349 002 0
IS"1.gS- lee eIS7.43 96a.49 !
SHEAR A;40 TENSI.3N ANALYSIS.
INPUT NLi.'?ER OF 3TRESSs INCRE4EHTS- 12-
14P'JT NUMB~ER OF STRESS INCREMEtTS? 12
SHEkP SHEAR SHEAR TENSILE TENSILE
MOD.ULJS 'ZTRESS STRAI!N STRESS STRP)INj(BAR) ( BAR >

e 0 e%
27547 9 71.7076 a 60301E-93 143 413 1.?3534E-03
2'547.9 143.415 5.28SO3E-63 186.3 3.4?069E-03
27547 9 215 123 ?.8a904E-83 438.245 203E3
27547.9 286-93 .0104121 573.561 6.94i1.7E-03
V7542.9 358.538 .8138151 717.a?6 8 626?EE-03
27547.9 430.245 .3156181 850.491 .ele4121
V7547 9 5al.953 .1812211 1033.91 a24?
k?542.9 5'3 6461 .9288241 1142.3a .313ase?
e7547.9 645.368 .8234E71 1290.74 .0156181
27547.9 717.876 .S66391 1434.15 .133
:"547.9 78e.7r:3 .9e86332 157,57 8190888
-7547 9 860.491 .112362

- Z'HEA.R FAILURE PROPERTIES
STRESS(BAR~u 869.491 SRAIWz .8312362 ENERGQY/V0L(EAR),=
It 2927

E-MODULUS(BAR)a 23147.9 E-JORK(8AR~a 1I .2927
E-STRAIux .031a362 P-WORK((BAR)- 8

TEMSILE FAILLWRE PROPERTlES
STRESS'28AQ)a 1636.56 STRAy~s .084074 ENERGY,'-3yL(:-)R&
17.2891

E-NODUL.USBARWa 8Z643.7 E-WOR<t'6AP>= 1? 2891
E.:3T RAI~w .8B04a74 P-tJORK(BAR)u a
PRESS EWr t To C.QNIt4UEIE?..
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SC5291.7FR
Table 6-6

Calculated Effects of Isochronal Loading Time t Upon the

Shear and Tensile Failure Properties of Equimolar Isoamyl-Neopentyl
Acrylate Linear Polymer (Mn = 1.06 E6) at T - 296K with

Hookian Response

Shear Tension

t Ob  Yb r Sb b WT

(S) (bar) (bar) (bar) (bar)

2E2 9.6 55 243 2.82 5.8 8.19

1E2 52.4 334 8.3E3 7.37 13.2 48.7

lEI 224 1200 1.35E5 19.3 22.2 215

1 461 2156 5.2E5 34.5 25.8 444

IE-2 860 2310 1.13E6 107 15.1 806

1E-4 860 582 3.08E5 278 5.2 814

1E-5 860 186 9.88E4 441 3.2 791

1E-6 860 58 3.1E4 582 1.96 726

IE-8 860 5.9 3.1E3 1010 0.70 491

IE- 10 860 0.58 312 1449 0.18 196

1E-12 860 0.067 32 1664 0.033 35.9

IE-14 860 0.034 13.5 1686 0.020 17.2
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Table 6-7
Estimated Effects of Low Moisture (0 - 2 Wt%) on

Cured Epoxy Themoset

I

POLYMER-DILUENT=T.'MDA/D0& EPOXY.% H20
POLYMER PROPERTIES
AA,A8.,AC,AD,EE: 495800 1 319 1 16 483
F',AG,jHHAI,Aj= to 943 9 12 6 1

AK,AL,AM,AH, .Px 1094 1709 5168 1 32

DILUENT PROPERTIES
AQAR,AS,AT.AU= 18 0 .0 1 137

f4V,AU,AX,AYAZw 10 1 a 1 23 2
'TES7 CONDIIOS:
BA,BBBCBO,8E= 1 1 300 25 15
FRACTION HEOSOOKIAN TENSILE RESPONSEn 0

PPESS ENTER TO;CONTI?4J.

INTERMEDIATE RESULTS
6F,SGBHBI,BJ, 3.81852 1 0 483 .153045
bK,BL,bNBN= 1 * 13; .0393688
TG,UP- 483 158045
BO,.BQBR= 1 0 158.76
B'Z, ST- .993095 .979119
BU.,,BX. Y,BZ= 53163.7 53163 7 9.0124 1 3023 35-8285

SB,TL,TI, NH= 1690.63 It 5743 585.517 0

TSMSS= 380 1806 56 1660.63
SHEAR AND TENSION ANALYSIS:
INPUT NUMBER OF STRESS INCREMENTS? -

POLYiMER-DILUENT*TGMDA/VDS EPOXY+2a. H20
POLYMEP PROPERTIES
AA,ABAC,ADAE= 4958 1 319 1.16 483
AF,GAH,AI,AJ, 10 943 9 12.6 1
(AK,P-L,AMANAP= 1094 1709 5168 1 .32
DILUENT PPOPERTIES;
AU,AR,AS,AT, AU* 18 550 28 1 137
AV,,A,,AY,AZ= 10 18 I11 23.2 1

TEST CONDITIONS-
9A,&B,6C,BD,BE= 1 1 390 "25 15
-FRACTION NEOHOOKIAN TENSILE RESPONSE, 8
PRESS ENTER TO CONTINUE.

INTERMEDIATE RESULTS:

8FBG,9HBI,BJv 3.81052 1 S 493 .159045
.K,BL,BN,B.71 e, 137 .6393688TGUR- 458-438 A49641

BOB0,9Ra '.97?326 :92e674 - 156.8658S, L:T=- A'97095 .102,9635 i

,'BU ,lyX , z-, u m -IE1 . 5 195 8.e 8 .36 124 1 .222 15 33 -2358ISW-1L,TM,HHw 1632.44 11.5956 561.582 0

T,SM".SS,36G. 748406 1632.44
SHEARam ENSIO. ANALYSIS:

1N~yT.- ER OF STRIESS INCAEM'ENS? -
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SC5291.7FR
Table 6-8

Estimated Effects of Medium Moisture (4 - 6 Wt%) on
Cured Epoxy Thermoset

rOLYMER-DILUENTOTGMDA/DDS EPOXY 4%' H20
POLY MEP PROPERTIES
AA.A8.C',ADAEz 495080 1 319 1 16 483
(F,AG,AH,AI.AJ. 10 943 P 1.2 6 1
kK,fAL,AM,AN..AP- 1094 17e9 51!58 1 .32
L'ILUENT PROPERTIES,

PQ,ARAS,AT, AU= 18 1108 C I 177
AY,W,AX,AY,AZ= 10 13 11 23 2 1
TEST CONDITIONS:
BA,8B,BCBD,E= 1 1 303 25 15
FRACTION NEOHOOKIAM tSNSILE RESPONSE= 0
PRESS ENTER Tj) CONT14UE

INTERMEDIATE RESULTS:
kF.&G,9H,1,8J= 3. 81852 1 0 46-' 158345
BK.&L,BM,6N= 1 8 137 .03936S8
TG.URv 437.238 .142349
SO,BQ,BR= .955658 8443425 153.97-7
3,e;T= .993095 .9?815

6U.EbV,BX,8Y,BZ= 51561 6 50806 3 3.096?4 1 15249 30 9SS :

SB,TL,TMt,NH= 1618.62 11.6135 ;43 -,99 0
T,SMoSS = 300 1691.61 1610.62
SHEAR ANO TENSION ANA.YSIS:
INPUT NUMBER OF STRESS !NCREMENTS' -

POLYMEP-DILUENTqGMDA.DDS EPOXY+. H20
POLYMER PROPERTIESt
AA,AB,AC,AD,AE" 495888 1 319 1 16 483
PF,AG.,AH..AI,AJn 10 943 9 12.6 1
AK,L,0AM,AN,AP= 1094 179 5168 1 32
DILUENT PROPERTIES:
kg,AR,AS,ATAU= 18 1658 20 1 137
AVAW,AXAYAZ= 10 1e 11 23. 1 I
.TEST CONDITIONS:
8A,BBBC,8D,8Em I I 300 25 15
FRACTION NEOHOOKIA4 TENSILE RESPONS= 0
PRESS ENf'ER TO CO'4rNUE

" INTERMEDIATE RESULTS:
BF 0,BH,,BI,.J" 3.81052 1 0 483 .158845
BK, BL,9MBB= 1 8 137 0393688
-TG,UR- 418.614 .0,35961,
8O,6B,BRm .934929 .0659711 152.432
OS,BT- .993895 97)666
BUBV,BX,BY,SZ'- 51844.5 .49704.3 7.38274 1.09132 Z9.0212
SB,TL,TN,NH, 1594.43 11.6294 522 5377 0
T.SM, SS-3Q8 1637.97 1594.43
SHEARANO TENSI6H ANALYSIS,
INPUT.NUMBER OF 9TRESS INCREMENTS? -
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Table 6-9

Estimated Effects of High Moisture (8 -10 Wt%) on
Cured Epoxy Thermoset

POLYWER-DILUENTwT1Dft/tDS EPOXY+$% H20
POLYMIER PROPERTIE~S
cA,A9,AC,A0,AE- 495000 1 -. 319 1.16 483
AF,AG,AHAI,AJ- 18 943 9 12 5 1
AK,ALAM.AN,APs 1094 1789 5168 1 3
DILUENT PROPERTIES.
AQ.ARAS,AT,4U- 18 zesS ao 1 13?
AV,AU..AX,AYiRjAu 10 18 11' a3 2 1
TEST CONDITIONS
8ABB,BC,60,BEn 1 1 388 25 15
FRACTION NEOHOOYIA1.4 TENSILE RESPONSEr 0
PRESS ENTER TO CONTINUE

INTERM'EDIATE R.ESULTS;
BF,BG,EH,E6IBJ* 3.80652 1 8 463 .15804!

8i,8,M~N' 8 132. .0393688
TG.UR= 40a.166 .138319
6BO60,SR= .91501 8849195 151.361
BS.BT- 993895 97718e
BUBV,BX.,BY,6Zft 5685 s 4S649 6.86686 1.8373 27.2858
ss,rL,TN,NH- 1583.23 11 6409 596.465 0
T,St4,SS= 300 1594 3 1583 23
SHEAR AND TENSION ANALYSIS:
INPUT NIUMBER OF STPESS 14CREMZENTS? -

PZ3LYNER-DILUENTOTGMDA/0D3 EPOXY4IB-. H20~
POLYNER PROPERTIES
AAASAC,AD,AEW 495986 1 319 1.16 483
AFAG.-AH,41.AJ= 18 943 9 12.6 1
AK,AL,A,AHt,APz 1894 1)89 5168 1 .32
DILUENT PROPERTIES-
AQIARPASAT,AU= 18 2)58 Ea 1 137
AV,AWA4X,AYsAZ- 18 18 It 23.2 1
TEST CONDITIONSt
eA,BB,BC,mD,1E. 1 1 30 _z5 t5
FRACTION NEOHOOKIAN TENSILE RESPOtiE- 8
PRESS ENTER 10 CONTINUE.

I1TERIEDIATE RESULTS,
SF,BG,9H,BI,0J*-3.BI952 1 S 403 .158845
8KSLD6M.8N. 1, 6 13? .9:393696
?G;UR* 3S?.534 .15361
80,SQ,0ftu .896657 .103943 158.711
BS.8$e :993S9S . 976697
fi10fYJ,9BY,8ZW 50948.4 , 7637.7 6.47946 .989109 e5.7433
SB,7LPTHj." 1576.44 11.1511! 492.1128

TSMSSU360--133.21 11533.e1
SI$EAR ^AND TENSION 4NALYSIS'
Ij4PUTM#UWOFER OF STRESS jPENENTS?
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Table 6-10

Second Estimated Effects of Low Moisture (0 - 2 WtI)
on Cured Epoxy Thermoset

POLVMER-OILUEtT-TGMOA/ODS EPOXY+e% HEO
POLYMER PROPERTIES
A .AB, C,AO,AEw 49588 1 319 1.16 463
kF,AGAH,AIAJ- 18 943 9 12,6 1
AKAL#,AAN,AP- 1894 17e9 5168 1 .32
DILUENT PROPERTIES:
AQ.AR.ASAT,%Um I 0 2e 1 137
AY,AW..AX,AY,AZ= 1 18 11 E3 2 1
TEST CONDITIONS
BA..B9,BC,BOBE- 1 1 2?Q 48 15
FRACTION NEOHOOKIAN TENSILE RESPONSE= 0
PRESS ENTER TO CONTINUE

:NTERMEOIATE RESULTS;
SreG,8H,BIBJ- 5.33473 1 8 483 158045
BK,eL,BM.BN= 1 S 137 .6281206
TGUR- 483 158045
BO,BQ,BRM 1 S 158.76
B$,E:T .993895 .979119
BU,BV,E)X,BY,SZ= 53163 7 53163 7 9.8124 1.30231 35.8285
SBTL,TW.NH= 1660.63 11.5743 585.517 8
T,SM,SS= 228 2312 74 1668.63
SHEAR AND TENSION ANALYSIS:
INPUT NUMBER OF STRESS INCREMENTS? -

POLYMER-DILUENT-TGMOA/DDS EPOXY+2% H20

POLYMER PROPERTIES,

AAABD.AC,ADAE= 495988 1 319 1.16 4e3
AFAGAHAIIAJ" t9 943 9 12.6 1
AK.AL,AN,AN,AP= 1894 17a9 51C8 1 .32
DILUEHT -PROPERTIES,
AQ,ARAS,ATAU 13 558 28 1 137
AV,AWAXAY,AwZ 10 18 11 23.2 1
TEST CONOITIONS:
BA..BBC,BDBEw 1. 1 229 48 t5
FRACTIOH NEOHODKIAN TENSILE RTSPOSSEv 0
PRESS ENTER Tp. DNTIKJE -

'INTERMEOIATE RESULTS:

BF,BG,BH,Gt B.- 5.33473 1 b 483 .158C45
BK,BL,BN,81.#. S 137 92812086
TG,URa 449.p43 .145519
* BO,BQbRe .977326 .822674 156.865

-'8,BTU -";939* '.978635 :"

BU,8Y..Sx,8Y,BZw 52261.1 51959.2 8.19975 1.19854 32.5939
SB,TL,T,NH- 163?.44 11.6126 553.179 S
TStMSS= 228 g2Stt"S9 16;2.44
SMEAR-AND TENSION,/MLY3I$9'
INP .? NUMBER OF S1'R|iS 14CRE"ENS ??
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Table 6-11

Second Estimated Effects of Medium Moisture (4 - 6 Wt$)
on Cured Epoxy Thermoset

POLYMER-DILUENTuTGNDADDS EPOXY+4% HEO
POLYMER PROPERTIES:
AAABAC,ADAE- 495800 1 319 1 16 463
AF,AG,AH,AIAJ- 1S 943 9 12 6 1
AK,AL,AM,AN,AP- 1994 1709 5168 1 .32
DILUENT PROPERTIES:
AQ,AR,ftS,AT,AUm 18 1180 28 1 13?
AV,AW,AX,AY,AZ- 19 le 11 23.2 1
TEST CONDITIONS;
BAB,8C,BD.BE- I 1 220 40 15
FRACTION NEOMOOKIAN TENSILE RESPONSE- 8
PRESS EN'ER TO CONTINOE

INTERMEDIATE RESULTS.
BF,BG,6H,BI,BJ 5+33473 1 8 483 158845
8K,BLBMB9N 1 8 137 -. 92812(6
TGUR= 422 152 .135196
SO,8..eR= .955658 .0443425 153 979
SS,BT" 993895 .97815
BU,BV..6X,BY,BZ- 51562.6 58896 3 7.52773 1.112'2 29 919

SB,TL,TM,NH- 1618.6e 11 644 526 535 8
TSMSSA 228 2267 33 1618 62
SHEAR AND TENSION ANALYSIS!
INPUT NUMBER OF STRESS INCREMENTS> -

POLYMER-DILUENT-TGMDA/DDS EPOXY+6. H20

POLYM1ER PROPERTIES:
AA.AB.AC,AOAE= 495688 1 319 1.16 483
AFAG.AHAIAJ- 10 943 9 12.6 1
AK,ALfM,AN.AP- 1894 1789 5168 1 .32

DILUENT. PROPERTIES;
AQ,AR,AS,AT,AI'= 18 1658 28 1 137
AV.AWAX,AYAZ= 10 18 11 23.2 1
TEST CONDITIONS:
BA,89,BC,BDBE- 1 1 229 48 15
FRACTION NEOHOOKIAH TENSILE RESPONSE- 8
PRESS ENTER TO. ONTINUE

INTERMIEDIAT RESULTS:
BF,BG,8t,BIo6J- 5.33473 1 9 483 .158845

BKBL,BM,BI 1 S 137 .9281206
TGUR- 399.165 .126542
BO.9QBR- .i349e9 .8658711 152 432

* BS,BT- .993895 .977666
BU,SV,BX,BY,BZ- 51044.5 49704.3 6.9624 1.8485 2?.6687
SB,TL,TNNN- 1594.43 41.6699 584.193 S
T,SN,SS- ia* 8245.4 1594.43

SHEAR AND'ENSION ANALYSIS,
INPUT UMBUER OF *TRESS INCREMENTS? _
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Second Estimated Effects of High Moisture (8 - 10 WtI)
on Cured Epoxy Thermoset

POLYMER-OILUENT*TGNOA/DDS EPOXY8"% H20
POLYMER PROPERTIES'
AA, B,AC,(O,AE- 495080 1 319 1.16 483
AF,AG.AH,AI,AJ- 18 943 9 12 6 1
AKAL,AM, ANAP= 1894 1789 5168 1 .32
DILUENT PROPERTIES
AQ,AR,AS,ATAU- 10 L288 20 1 137
AV,AW,AK,4Y,4Z- 18 18 11 23 2 1
TEST CONDITIONS
BAB8,5C,BD,BE- 1 1 220 48 V5
FRACTION hEOHOOKIAN TENSILE RESPONSE- 0

INTERMEDIATE RESULTS:
BFBG.BH,6I8Ju 5.33473 1 8 483 .158845
BKPL,BM,EN= 0 137 .8026
TG.UP= 379.504 .119182
BO.BQ..BR= .915081 .0849195 151.361
ES..T- .993895 .9??162
BU,BVBX,.BY,BZ 5885 9 48649 6.47992 .978944 25 24S2
SBTLTM,NH= 1583.23 11.6913 485.179 0
T,SM.SS= 228 2225 1583.e3
SHEAR AND TENSION ANALYSIS,
INPUT NUMBER OF-STRESS INCREMENTSe _

POLYMER-DILUENTuTGMDA/DDS EPOX'e+10% H20
POLYMER PROPERTIES.
AA,A8,AC,AO,AE- 495888 1 319 1.16 483

AFAG,AH,AIAJa 1 943 9 12.6 1
AKAL,AM,AN.P 1094 1789 5168 1 .32
DILUENT PROPERTIES:
AQ,AR,ASAT,AU- 18 2758 28 1 137
AV,AV.AX,AY,AZa 1 18 11 Z3.e 1
TEST CONOITIONS
BA,BBBC8O,BEv 1 1 0ee 40 15
FRACTION NEOHOOKIAN TENSILE RESPONSE- e
PRESS ENTER TO CONTINUE

'INERMEOIATt RESULTS.
BF,SG,BBHI,BJ= 5.33473 1 8 483 158845
B.KBL,8M,9N 1 8 137 .8981296
TG,URw 362.63k .112846
8O,BQ,'R. .896857 .193943 138.?11
esBT '.993895 .976697
BU,BV,9X,9Y.BZu 59468.4 47637.7 6.8631 925551 24.0891
SS9,TLPTNMN 1576.44 I1 7089 468.793 8
STSM,-Sm et2 2204.71 1576.44SMEAR hND TENSION ANALYSIS,
r IHPu? Uf'ER OF STRES" INCREMENTS?
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Table 6-13 C21.R

Calculated Mechanical Response of Cured TGMDAIDDS
Epoxy (0 Wt% H20, Tg . 483K, t - 1 s)

Shear

T (K Ob (bar) Yb WS (bar) WE (bar) W p (bar) GE (bar) Y

220 1.66E3 2.24E-2 1.85E1 1.85E1 0 7.39E4 2.34E-2
260 1.66E3 2.24E-2 1.85E1 1.85E1 0 7.39E4 2.34E-2
300 1.66E3 3.22E-2 3.42EI 1.92E1 I.50E1 7.17E4 2.32E-2

340 1.55E3 1.31E-1 1.77E2 2.81E1 1.49E2 4.30E4 3.61E-2

380 1.30E0 2.30E-1 2.56E2 4.29E1 2.13E2 1.97E4 6.59E-2

420 1.05E0 3.61E-1 3.02E2 7.55E1 2.26E2 7.27E3 1.44E-1
460 7.94E2 5.94E-1 3.25E2 1.46E2 1.78E2 2.15E3 3.70E-1

500 5.41E2 9.27E-1 2.01E2 2.01E2 0 4.67E2 9.27E-1

540 2.88E2 1.08 7.80E1 7.80E1 0 1.35E2 1.08

580 3.49E1 4.84E-1 7.46 7.46 0 6.36E1 4.84E-1

585 0 0 0 0 0 0 0

Tension

IT (K) Sb (bar) b WT (bar) WE (bar) W p(bar) EE(bar) LE
220 .273 147E2 2.0E1 2.4E1 p 2E5.7-

220 3.27E3 1.47E-2 2.40E1 2.40E1 0 2.22E5 1.47E-2

300 3.26E3 1.94E-2 3.89E1 2.44E1 1.45E1 2.18E5 1.49E-2

340 2.94E3 5.64E-2 1.40E2 2.56E1 1.14E2 1.69E5 1.74E-2
380 2.37E3 9.66E-2 2.01E2 2.80E1 1.73E2 1.00ES 2.36E-2

420 1.80E3 1.61E-1 2.48E2 4.24E1 2.05E2 3.85E4 4.70E-2
460 1.25E3 2.71E-1 2.55E2 8.29E1 1.73E2 9.42E3 1.33E-1

500 7.20E2 5.03E-1 1.64E2 1.64E2 0 1.3003 5.03E-1

4540 3.53E2 6.30E-1 6.39E1 6.39E1 0 3.22E2 6.30E-1

580 5.49E1 2.72E-1 6.76 6.76 0 1.83E2 2.71E-1

585 0 0 0 0 0 0 0
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Table 6-14

Calculated Mechanical Response of 2 M~ Moisture
in Cured Epoxy (Tg . 449.6K, t a 1 s)

Shear

T (K) Ob (bar) Yb Ws (bar) WE (bar) H P (bar) GE (bar) Y

220 1.63E3 2.23E-2 1.82EI 1.82EI 0 7.26E4 2.24E-2

260 1.63E3 2.23E-2 1.82E1 1.82E1 0 7.26E4 2.24E-2

300 1.63E3 8.79E-2 1.21E2 2.26E1 9.03E1 5.89E4 2.77E-2

340 1.46E3 1.85E-1 2.29E2 4.24E1 1.87E1 2.53E4 5.79E-2

380 1.1903 3.43E-1 3.3E2 7.76E1 2.53E2 9.12E3 1.30E-1

420 9.15E2 3.36E-1 1.90E2 1.18E2 7.18E1 3.56E3 2.57E-1

460 6.40E2 8.26E-1 2.25E2 2.25E2 0 6.61E2 8.26E-1

500 3.65E2 1.18 9.28E1 9.28E1 0 1.34E2 1.18

540 9.05E1 8.49E-1 2.76E1 2.76E1 0 7.66E1 8.49E-1

553 0 0 0 0 0 0 0

Tension

T (K) Sb (bar) Lb WT (bar) HE (bar) W P (bar) EE (bar) EE

220 3.22E3 1.47E-2 2.36E1 2.36E1 0 2.18E5 1.47E-2

260 3.22E3 1.47E-2 2.36E1 2.36E1 0 2.18E5 1.47E-2

300 3.15E3 3.69E-2 9.16E1 2.46E1 6.70E1 2.02E5 1.56E-2
340 2.7103 8.29E-2 1.91E2 3.36E1 1.58E2 1.10E5 2.47E-2

380 2.08E3 1.45E-1 2.54E2 4.71E1 2.08E2 4.59E4 4.53E-2

420 1.53E3 1.95E-1 2.04E2 9.44E1 1.10E2 1.24E4 1.23E-1
460 8.72E2 4.69E-1 2.12E2 1.96E2 1.61E1 1.94E3 4.50E-1

500 4.27E2 7.13E-1 8.40EI 8.40E1 0 3.3E2 7.13E-1

540 1.23E2 4.74E-1 2.30EI 2.30E1 0 2.05E2 4.74E-1

553 0 0 0 0 0 0 0
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Table 6-15

Calculated Mechanical Response of 4 WtI Moisture
in Cured Epoxy CTg . 422K, t - 1 s)

Shear

T (K) Ob (bar) Yb US (bar) WE (bar) U p (bar) GE (bar) Y

220 1.6103 2.24E-2 1.80E1 1.80E1 0 7.17E4 2.24E-2

260 1.61E3 2.24E-2 1.80E1 1.80E1 0 7.17E4 2.24E-2

300 1.61E3 1.72E-1 2.36E2 4.08E1 1.95E2 3.18E4 5.06E-2

340 1.38E3 3.20E-1 3.65E2 7.75E1 2.87E2 1.23E4 1.12E-1

380 1.08E3 5.21E-1 4.24E2 1.40E2 2.84E2 4.19E3 2.59E-1

420 7.88E2 7.41E-1 3.06E2 2.78E2 2.75E1 1.12E3 7..06E-1

460 4.92E2 1.15 1.04E2 1.04E2 0 1.58E2 1.15

500 1.96E2 1.09 5.75E1 5.75E1 0 9.72E1 1.09

527 0 0 0 0 0 0 0

Tension

T (K) Sb (bar) Cb WT (bar) WE (bar) W P (bar) EE (bar) FCE

220 3.17E3 1.47E-2 2.33E1 2.33E1 0 2.15E5 1.47E-2

260 3.17E3 1.47E-2 2.33E1 2.33E1 0 2.15E5 1.47E-2

300 2.99E3 7.61E-2 1.9SE2 3.26E1 1.63E2 1.37E5 2.18E-2

340 2.43E3 1.35E-1 2.84E2 4.43EI 2.40E2 6.67E4 3.65E-2

380 1.78E3 2.20E-1 3.14E2 7.61E1 2.38E2 2.07E4 8.57E-2

420 1.13E3 3.96E-1 2.85E2 1.62E2 1.23E2 3.94E3 2.87E-1

460 5.77E? 7.04E-1 9.07E1 9.07E1 0 3.66E2 7.04E-1

500 2.39E2 6.39E-1~ 4.99E1 4.99E1 0 2.44E2 6.39E-1

527 0 0 0 0 0 0 0
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Table 6-16

Calculated M~echanical Response of 6 Wt% M~osture
in Cured Epoxy (1 9 399K, t a 1 s)

Shear

T (K) Ob (bar) 'yb WS (bar) WE (bar) W p (bar) GE (bar) Y

220 1.59E3 2.24E-2 1.78E1 1.78E1 0 7.09E4 2.24E-2

260 1.59E3 3.32E-2 3.28E1 1.85E1 1.44El 6.88E4 2.32E-2

300 1.59E3 1.15E-1 1.34E2 4.85E1 8.57EI 2.62E4 6.08E-2

340 1.3003 4.35E-1 4.45E2 1.20E2 3.25E2 7.04E3 1.84E-1

380 9.81E2 6.71E-1 4.33E2 2.26E2 2.06E2 2.13E3 4.61E-1

420 6.65E2 1.02 2.11E2 2.11E2 0 4.04E2 1.02

460 3.49E2 1.13 6.77E1 6.77E1 0 1.07E2 1.13f 50 33E 5.6E-1 7.89 7.89 0 5.11EI 5.56E-1

504 0 0 0 0 0 0 0

Tension

T (K) Sb (bar) Eb WT (bar) WE (bar) W (bar) EE(a) E

220 3.14E3 1.47E-2 2.3DE1 2.30E1 0 2.13E5 1.47E-2

260 3.13E3 1.94E-2 3.74E1 2.34E1 1.40E1 2.09ES 1.50E-2

300 2.98E3 7.17E-2 1.6SE2 4.89E1 1.15E2 9.06E4 3.28E-2

340 2.2003 1.81E-1 3.3E2 6.60E1 2.64E2 3.66E4 6.01E-2

380 1.5003 3.06E-1 3.32E2 1.28E2 2.03E2 8.80E3 1.71E-1

420 8.29E2 6.05E-1 2.05E2 2.06E2 0 1.12E3 6.05E-1

460 4.03E2 7.35E-1 8.15E1 8.15EI 0 3.02E2 7.35E-1

500 5.06E1 3.09E-1 6.96 6.96 0 1.46E2 3.09E-1

504 0 0 0 0 0 0 0
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Table 6-17
Calculated Mechanical Response of 8 Wt% Moisture

in Cured Epoxy (T9 a 380K, t a 1 s)

Shear

T (K) Ob (bar) Sb W (bar) WE (bar) Wp (bar) GE (bar) YE

220 1.58E3 2.24E-2 1.77E1 1.77E1 0 7.04E4 2.24E-2

260 1.58E3 7.64E-2 9.99E1 2.11E1 7.88EI 5.94E4 2.66E-2

300 1.55E3 3.49E-1 4.42E2 1.01E2 3.41E2 1.20E4 1.30E-1

340 1.22E3 3.79E-1 3.21E2 1.40E2 1.81E2 5.32E3 2.29E-1

380 8.82E2 4.59E-1 1.56E2 1.56E2 0 1.48E3 4.59E-1

420 5.47E2 1.19 8.62E1 8.62E1 0 1.22E2 1.19

460 2.11E2 1.14 5.80E1 5.80E1 0 9.OOE1 1.14

485 0 0 0 0 0 0 0

Tension

T (K) Sb (bar) Eb WT (bar) WE (bar) Wp (bar) EE (bar) CE

220 3.12E3 1.47E-2 2.29E1 2.29E1 0 2.11E5 1.47E-2

260 3.06E3 3.42E-2 8.09E1 2.37E1 5.72E1 1.98E5 1.55E-2

300 2.71E3 1.45E-1 3.33E2 5.99E1 2.74E2 6.15E4 4.41E-2

340 2.05E3 1.88E-1 2.84E2 1.01E2 1.82E2 2.07E4 9.89E-2

380 1.38E3 2.81E-1 1.70E2 1.70E2 0 4.29E3 2.81E-1

420 6.14E2 7.81E-1 1.08E2 1.08E2 0 3.52E2 7.81E-1

460 2.52E2 6.76E-1 5.09E1 5.09E1 0 2.23E2 6.76E-1

485 0 0 0 0 0 0 0
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Table 6-18
Calculated Nechanical Response of 10 Wt$ tNoisture

in Cured Epoxy (Tg .363K, t 1 s)

Shear

T (K) Ob (bar) 'fb WS (Dar) WE (bar) W (bar) GE (bar) Y

220 1.58E3 2.24E-2 1.76E1 1.76E1 0 7.01E4 2.24E-2

260 1.58E3 1.02E-1 1.33E2 2.85EI 1.05E2 4.37E4 3.61E-2

300 1.50E3 4.33E-1 5.11E2 1.37E2 3.74E2 8.16E3 1.83E-1

340 1.14E3 6.78E-1 5.14E2 2.60E2 2.54E2 2.5103 4.55E-1

380 7.87E2 1.05 2.98E2 2.98E2 0 5.38E2 1.05

420 4.32E2 1.24 8.89E1 8.89E1 0 1.16E2 1.24

460 7.79E1 9.04E-1 2.41E1 2.41E1 0 5.89E1 9.04E-1

468 0 0 0 0 0 0 0

Tension

T(K) Sb (bar) eb UT (bar) WE (bar) U (bar) EE (bar) c

220 LIM1E 1.47E-2 2.28E1 2.28E1 0 2.10E5 1.47E-2

260 3.05E3 4.92E-2 1.19E2 2.93EI 8.94E1 1.54E5 1.95E-2

300 2.54E3 1.79E-1 3.79E2 7.62E1 3.03E2 4.22E4 6.01E-2

340 1.74E3 3.15E-1 4.10E2 1.36E2 2.74E2 M.1E4 1.57E-1

380 9.93E2 5.85E-1 2.48E2 2.48E2 0 1.45E3 5.85E-1

420 4.87E2 7.74E-1 8.53E1 8.53E1 0 2.84E2 7.74E-1

460 1.03E2 5.08E-1 2.01E1 2.O1E1 0 1.56E2 5.09E-1

468 0 0 0 0 0 0 0
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Rockwell International

Tabl e 6-19
Rel ati ons Between English and SI Units in The Composite

Fracture Energy and Strength Model

Input Variable English Units SI Units

D, V 2E-4 in, 0.5 5.08E-6m, 0.5
*E, S 1E7 psi, 4E5 psi 6.89E10 N/,2, 2.76Egt4Im2

G, L 5E5 psi, 5E3 psi 3.44E9N/i2. 3.44E74/ui2

Y, YY 1E6 psi, 1E4 psi 6.89E9N/m2, 6.89E7N/m2

LB, IF 5EO psi, 5E2 psi 3.44E7N/i2, 3.44E6N/m2

Output (1)

Inter-fiber Spacing (in.) - 1.7E-4 Wm a 4.30E-6

Shear Stress Conc. (in.)-l = 4360 W-)1 *1.71E5

Max. F-M Bond St. (psi) = 8.7E5 (N/ni2) =6.01E8

F-M Debond Length (in.) = 3.E-3 (Wn = 9.61E-4

Inter. Shear St. (psi) - 5000 (N/ni2) = 3.44E7

Comp. Tens. Mod. (psi) = 5.5E6 (N/ni2) = 3.79E10

Comp. Tens. St. (psi) = 1.04E5 (N/ni2) = 7.18E8

Crit. Crack Length (in.) = 7.5E-3 Wm 1.92E-3

C'Utput (2)
Us~fiawed St. (min) (psi) - 6.11E4 (14/m2 = 4.2E8

Unflawed St. (max) (psi) - 1.76E4 (14/m2) = 1.22E9

Crit. Stress Int (min) (1b2/in.3)1/2 = 9406 (N2/m3)1/2 = 3.27E7

Crit. Stress Int (max) (lb2/in.3)1/2 = 2.7E4 (N2/u3)1/2 = 9.47E7

Output (3)

F-M Bond Stress (psi) a 5000 (14/*2) a3.44E7

Fiber (WFb/A) (lb/in.) - 1.67 (N/ni) *2.95E3

Matrix (W~,/A) (lb/in.) - 14.4 (N/rn) a2.53E4

Frict. (WFb/A) (lb/in.) - 118 (N/rn) -2.08E5

Tot. (Wb/A) (lb/in.) - 134 (1/m) *2.36E5

Crit. Length (Lc (in.) - 7.54E-3 Wm 1.92E-3
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Table 6-20

First Estimate of Composite Fracture Energy and Strength
(English Units, LB - 5000 psi, LF a 500 psi)

FIBER DIAMETER0O), WLJME FRACTION(V)a 2E-04 .5
FIBER TENSILE POOUiLVS(E.) STRENGTH(S). 1E+87 400080

_MATRIX SHEAR .ODULUS(G), STRENGTH(L)= 500008 5800
MATRIX TENSILE(Y), STREHGTH(YY)= IE+06 1800
F-M BOND STRENGTH(LB), FRICT. STRENGTH(LF)= 5080 500

INTER-FIBER SPACING(R1,)- 1.6921,E-94
SHEAR STRESS CONC..(A)z 4360.29' MAX. F-H BOND STRENGTH(LM)= 82205.7
F-M DEBOND LENGTH( BL )= .6377a166
INTERLAN. SHEAR STRENGTH(IL)= 5000
COMPOSITE T'ENSILE MODULUS,+ 5.5S+86

COMPOSITE COHTINUUM TENSILE STRENGTH= 104055
CRITICAL CRACK LENGTH= .0754131
TO CONTINUE PRESS ENTER? -

FRACTURE MECHANICS ANALYSIS
UNFLAWED STRENGTH (NIL.)= 61114.4 (MAX. = 176249
CRIT. STRESS INTENSITY (WIN.) 29746.9 (MAX.)= 8603:.3
FLAW SIZE CRACK LENGTH 141N. STRENCTH MAX STREtIGTH
.0753959 4.71332E-03 61121.3 12C.769
.0752844 9.42664E-83 61166.6 176.900
.0745363 .018853,; 61472.8 17778i:
.0709825 .037'065 6299 -2.8 1821
.0254131 .0754131 61114.4 176749
.159801 .150826 43218 12499:
.301652 .361652 30557.2 8-. 8374.6
.683304 .603384 21607.2 62490.3

1.20661 1.906161 152"8.6 44182 3
2.41322 2.41322 1803.6 31245.2

TO CONTINUE PRESS ENTER? _

FIkCTURE WORK PER UNIT CROSSECTION AREA
F-M BOND0 FIOLR .t -MATRIX FRICT. TOTAL CRIT.FIBER
-STRESS . WORK -WORK WORK WORK LENGTH
5088 16.75S5. 144.129 1184.82 1345.71 .0254131

PRESS E4TER. TO CONTZirU?.
0.93- -. 7flB a 1333.33 1351.11 .08

l966.n .svea R $3.374 1053.5 1332.67 .0711111
19379, 1. 11.-6272 48.:905 06.584 1281.32 .06P2222
29068.6 11.8519- 5 9 2

e
5 9 3  592.593 1192.04 .0533333

38758.1 9. 864 -658. 436 F.;411.523 1079.84 .0444444
4844..6 7,')01e4- 6%8.436 263.375 929.212 .0355556
.8132.2 -5.$2592 .592.593 149.148 746.667 .0266667
T 67 82., 3. 95862 -460.905 95.8436 530.7 .0177778
75 16. 2 497531 P.63;374 16.4089 281.811 8.98889E-03~8257 0 9 .S ,9 8

PRESS. ENTER TO CO INUE? - -
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Table 6-21

Second Estimate of Composite Fracture Energy and Strength
(English Units, LB a 5000 psi, LF - 5000 psi)

FIBER DtAPVEP , VpLIjI'SERACTION(V)- ,-E-04 .5
F IBER TENS-LLS JOl)ULIjS<E ,;S RENGTH(S) IE+67 4000
MATRIX SHEAR $1U:US(G), STRENPTH(L)- 508800 88
*ATRIX .tF£NSILE(Y)-,. S4REt4GTWYY)a 1E+06 loos
F-M-SOVII S -R' :t-4' t .... 8RCT.F #'2R'ENGH(LF)- 5980 '308

* NTER-I1E-PI 4~C &"(Mi). l.69212E-04
SHEAR SITRE6S CON(-0A= 4-360.-f
MAX. F-M BOND STRENGTH(LM)* *7t05.7
F-M 0EBONO LENGTH(BL) 3.-7.766E-83
INTERLAM. SHEAR I&EN4TH(IL)=. 5808
COMPOSIT*E0IItL4JOMULU8S 5.5E+06
COMPOSITE XNUuM ?"MStLEN .STREN4TH= 484455
CRITIC~V i E TN- :5413E-,
TO coK'1f:t- - _

FRACTURE MECHANICS -ANALYSIS
UNFLAWdED-STRENGTfl,-(NIH. u 61114.4 (tIAX )z 176749
CRIT. STRESS INTEN4SITY (MIN.)= 9408681 (MAX.)= 2:7205.5
FLAW SitE CRACK.LENGTH -MIN STRENGTH MAX. STRENGTH
7.5395-4E-93 4.71332E-94 '61121 4 1767?a
7.52844E-63 9.42664E-94 61166 6 176900
7.45363E43 -1.98533E-03 61472 8 177896
? , ..09825E-83 3- 7865E-03 62992 8 182182
7.54131E-83 7.54131E-03 61!14 4 176749
.015089e - 0150826 43218 124991
.83165>  8-..03152 39557 2 88374.7
.0603304 6.9083304 2160e7 2 6249a.4
.1206;-1 ;18essf 15278 6 44187.4
.P41322' '.?43e2- - 10803 6 31245.2

TO CONTIRUJE.PRE9S ENJER? -

FRAC"lRE 40ORK PtR.',t41? CROSECTIOH AREA
F-M BOND FIBER --1 4ATRIX FRICT. TOTAL CRIT.FIBER
STRESS WORK oK " WORK WORK LENGTH
590e l.1.67 , , .,14.49 1 118.482 134.571 7.54131E-03

e. PRESS ..ENTER' TO -VONTINUE,1. 1
" __ 8I 77778 "0 133.333 135.111 SE-3i
-9689.53 "1.58625 "26.2375. 185.35 133.267 7.11111E-03
19379, J.-3272 41. 8985 88.6584 128.132 6.22222E-83
29068.6 .1.18519 5'.2593 59.2593 119.784 5.33333E-03
38758.1 .987654 8.0436 41.1523 187.984 4.44444E-03
48447.6 .790124 4,36 ':26.3375 92.9712 3.55556E-03
58137.1e 592593 3.2392 -14.8148 74.6667 e.66667E-03
67826.1 .395062 -46..985 -6.59437 53.07 1.77778E-03
77516.2 ,1 "531. ' 3374 1.64689 28.1811 8.88889E-84
872,5 7 . - g 0
PRESS ENTER TO. 0TINUE? -

87
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Table 6-22

Relations Between English and SI Units in the Peel
Mechanics Model

Input Variable English Units SI Units

H, A 1E-3 in., BE-3 in. 2.54E-Sm, 2.03E-4m

8, E 1.0 in., 1E4 psi 2.54E-2m, 6.89E7 N/m2

Y, SA SE4 psi, 2E4 psi 3.45E8m, 1.38E8N/m2

G, LA 1.67E4 psi, 6.67E3 psi 1.15E8N/ 2, 4.60E7 N/m2

Output (1)

Cleavage Stress Conc. (in."1) = 6.95E2 (m-1) - 2.74E4

Shear Stress Conc. (in."1 ) - 3.23E2 (m"1) - 1.27E4

180 Deg. Radius of Curv. (in.) = 3.22E-4 (m) = 8.209E-6

0 Deg. Peel Force (lb) = 20.6 (N) = 91.8

180 Deg. Peel Force (lb) = 16.0 (N) = 71.2

Output (2)

Peel Angle (deg) = 177.9 (deg) = 177.9

Peel Work (lb/in.) = 35.2 (N/m) a 6.16E3

Peel Force (lb) = 14.8 (N) = 65.8

K .963 .963

Tensile Stress (psi) - 2E4 (N/m2) = 1.38E8

Shear Stress (psi)= -4.79E3 (N/m2) = -3.30E7

88
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Table 6-23
First Estimate of Laminate Peel and Shear Properties

(Flexible Adherend Tensile Modulus - 1E4 psi, English Units)

RIBBON -HLF TIKNESS(H), ADHESIVE THICKMESS(A)P.se1. s
BOND OIDTH(B), RIBBON .TENSILE NODULUS(E)? 119 - 7
ADHESIVE TENSILE MODULUS(Y), STRENGTH( SA)? 5E4, 4o

ADHESIVE B4EAR..10ULUt(G),STRENTH( LA)? I.67E4,6.67E3
CLEAVAGE STRESS cC.XtBA)-'69541-9
SHEAR -%TRSS CetrC.( GA)n 323.71~~~lSO DEG .,'RAO. ,¢ eJV.(<R )- 3.22M9OE-e4

4-D EG.. PEEL FORCEti. 29.6456
9Ib DEG.A,-PEEL -FORCECPC), 16

PEEL-'> PEEL -.#EtL -- K TENSILE SHEAR
ANGLE- -ORK .ORCE STRESS STRESS

""77 -i94X 5:l 47 .'A 4i nago -4791.38
147 943 17 ..99241 8.31579 .69209P 29000. -22?6 .95

': '-11; 944 1 . ftxy ;'. ea2; . 090t)13e -t e6,4. i
S-8,7.9443 9 .67872 "7..549!96 .476341 26608e 87 .2691

7.946e 0.es33 -9;,1t38 .447893 P.8ee 54?.412
67.9481 7.65196 9.49554 .40g243 208 189.33
57.95 -7.53524 A.A35 ... 389619 P0008 1774.4
47. 9519 -. 961S6 12.424 .... 9076 28e08 2688.2?
37.953t. WS.0427 assoe81:6i;.8 4028 4 -

3V. 9542 " 3411.41.9 :3 0840I 38458 2008 4984.,
27.S546:, 'f4.S422 91 '9796 -. 2630s7 2888 622.44
22:955 14:3437 t,2 42 1 .e?9083 16891.5 66.0

4,7.5 53 -l .0326. -21 .733 - , Lo"59 12949.7 6670
S12.9357 It .7599 -- 1 tSS .281979 9210.a6 667e

7.9561 - 1.10649 e88462 .22874 5598.38 6678
- -.- "S, .

[ :
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Table 6-24

Second Estimate of Laminate Peel and Shear Properties
(Flexible Adherend Tensile Modulus - 5E4 psi, English Units)

RIBBON MANF ICKNES N), -ADHESIVE THICKIES3C A)? _,901, .318
BOND MIDTHCP9. RXIBBON . ENS1ILE MODULJSCE)-? 1,5EJ.
ADHESIVE.tENSILE MOULS(Y).4 TRENGN SA)7 5E4. E4
ADHESIVE SHEAR MODULUS(G),SREHGTH(LA)? 1.67E4,. SE3
CLEAVAGE STRESS CONC.(BA)- 465.393
SHEAR STRESS CONC,(GA)'s 144.4SE
189 BEG. RAD. OF CURV.CR)a 7,e1688E-84
0 DEG. PEEL: FORCE(PS)u 46.165
S88 DEG. ,PiEL-FORCE(PC) , 16
PEEL -PEL - PEEL K ?EN3IL.,- $H--A'

-ANGE -ORK 'FDRCE SRS. SRS

177.943 131.5531 ,I5,.839 .91946% eee -,1-, 2'
147.943 18.7644 4.8917a .7557e 2968k -2. e:
117.944 13.366s . 3588' .6368 2#110 -59 .
87. 443 9.94176 .9 .9;231 .5437P5 2136683 50 ;s
77.9462b -.,9.,249q -19;S98 ;513914 28060 3e2 30
67.9481 8 ,9)4 - 11".at6 .483483 28681 649 60
.57.95 V&2S - 1BS51 .451604 gese 166
'47.195t9:- -6.S99257. '16.8666 .417214 28960 163- 14
-37.9538 6.-94?26 21,7979 :2?777 gese 2473 9'
32.9542 .3912 5.3918 .35730e es6 3073 3
27.9546 -2931 . 36.45'- p$33734 28668 3693 3
22 955 19.307- 18.69 .307336 2e088 5S7 or:--
17.9553 14-.13S1.- 49.5277 .1e$99 19354.7 6670
12.9557 8'I4.2 - 47.3715 .88e6 13769 4 667A
7.9561 ,14.3131 4142 .82796 8377 6670

-.i
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Table 6-25

Third Estimate of Laminate Peel and Shear Properties
(Flexible Adherend Tensile Modulus - 2.5E5 psi, English Units)

RIBBON HA1i-F THICKNESS t), ADHESIVE THICKNESS(A,. , 08
:EOND UIDTH(B), RIBBON TENSILE MODULUS(E): 1,2.5E5,)
ADHESIVE TENSILE MODULUS(Y),STRENGTH(SA)? 5E4.E4
A.DHESIVE SHEAR .0OOULU(G.,,STRE'H, LR )' 1.6.E4,6.67E3
CLEAVAGE STRESS COMC.(BA), '11.166
SHEAR STRESS COC.(GA) 64.614E
18e DEG. RAD. OF CURY.(R)- 1.61374E-03
!e DEG. PEEL FORCE(PS-)*..103.-e28
188 DEG. PEEL FORCE(Pt)- 16
PEEL PEEL -PEEL K TENSILE SHEAR
ANGLE MORK FORCE STRESS STRESS

172.943 31.1472 15.4591 .982533 eee -998.235
147.943 21.2076 11.4985 .911585 20000 -624.753
11?.944 15.9532 16.P849 .?73537 28980 -326.554
87.9443 12.1653 12.4,569 .612e631" 20980 28.8703
77.9462 11.0442 23.7214 .582451 2988e 15 146
6;.9481 9.96E51 15.5635 :551143' 2080p 37P.556

8.195 9.91483 19.2822 .5178e6 C1288e 626. 59
42.9519 -7.917-9 e.44;04 .481313 2ee9 971.42637.9538 7.64)P9 29.2785 .439834 26e88 1491.29
32.9542 6. *.73657 34.4902 .416371 20888 1869.45
e7.9546 6.623e2 41,1936-- .398323 24698 2385.3'
e2. 55 6 H4244 2. 561! .366978 288 3132.91
17.9553 6,34e84 79.17 .32681t 208880 4313.65
12.9557 13. 94 192.425 ,e85449 28eee 6449.677.9561' _11. 84;67 _A04..e32 .2e923 12523.8 6670

91
C4659A/,Jbs



Rockwell hiternational
Scince Cente

SCS291 .7FR

SC78-3047

Failure R -Reliability
R ate - Xt)

Break
i n

Period Chance failure Wear out t
time (tD

Fig. 1-1 Failure rate criteria for reliability.
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oOO- Allowable Stress Dist

OW etal AoWx- Applied Stress Dist

OWx R - Reliability
fcx) [fcflXX]dx

Allowable
Applied Stress Distribution Stress

(High Side Tail)

Low Side
Tall

x Stress N(X)
dx Detail A

Fig. 1-2 Applied and allowable stress distribution analysis of
reliability.
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SC78-3051

Statistical
Environmental CPrlto Pred icted

Process

Fig. 1-5 Preferred dual path for correlating environmental aging
with macroscopic strength.
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NDEomelibity Surface Chlema

Analysis Chemistry Spectroscopy

Degradation Surface Molecular WI
Mechanisms Morphology Spectroscopy

Environmental S urface Mechanical
Aging Roughness Spectroscopy

Fig. 1-6 Technical approach to polymer composite reliability.
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6C78-674
1.0

4 0.8

0.6

a'

010

-20 -15 -10 -5 0 5 1

log (t/aT) sec.

-Fig. 1-7 Calculated function of Mi and Rifor M 20,000 kg/cm2,
M.U 2.0 kg/cm2, T 100 s, R. 0, To* 104 S. a 1.0.
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1000 
SC78-672

800

600
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200 - i

20-15 -10 -5 0 5 10

log (t/a T)

Fig. 1-8 Illustrative relations between tensile stress a and time
shift factor log (tilT).
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SC73-671

M t sec Sec

600

20

a tI

600 11

E

*0'0

0 0. 0.40.6 0.8 .12
eaALAI

Fig. 1-9 Calculated tensile creep stress o~t) vs strain ect) (solid
curves) and reliability Rift) reduced stress Ri(t)*oi(t) vs
strain ect) (dashed curves) at t I s (upper view) and
t - 20 yr (lower view).
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0.25

0.20

Fiberite
0.15 -934/17300

0 Na rmco
c ~5208/1 300

0.10
Hercules
3501-5/AS

0.05

0
0 so 100 150 200253030

Temperature (*C)

Fig. 1-12 Rheovlbron thermal scans for flexural damping in cured
reinforced graphite-epoxy composite in the dry unaged

condition.
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Narmco 5208/T300

0.15

C Fiberite 934/T300

0.10

0.05

0 50 100 ISO 200 250 300 350

Temperature (°C)

Fig. 1-13 Rheovibron thermal scans for flexural damping in cured
untaxial reinforced graphite-epoxy composite in the wet-
aged condition.
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5.0 5.5 6.0 6.5 7.0
1.0 0 4

-1 H20 vapor 230C air
. olquid exposure

I
F F

a0

St -Shear Zone

Data 1-bo a
4 0 1054 7.60

C~601 2.2
S0.2- 0

148 245 403 665 1096
11b A 2)

2

~0
do%

.4
5.0 S.S 6.0 6.S 7.0

)1b (rg/cm 2

Fig. 1-14 Cumulative distribution function of survival probability.
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Al 2024-T3I I 0 I
Aqed Surface

4T2

a.I(Fresh Srae

I
0II I I

02 4 6 8 10

Polar - II (dynlcm)

Ftg.1-15 Dispersion (a) and polar (e) components of the solid-vapor

Fig.1-15 surface tension Y;y " a2 + B 2 for 141424 primer (Phase 1)
.l and Al 2024-T3 adriernd (Phase 3).
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100

90I0

so

W1- (HT424 Adhesive) * 76.2 erg/cm
2

70 I I
0 20 40 60 80 100 120

Reduced SET (hr) at 54C and 95% R.H.

3300

3100

0
2900

2700 Io I
0 20 40 60 80 100 120

SET (hr) at 54"C and 95% R.H.

Fig. 1-16 Dependence of interfacial work of adhesion W13 (upper

curve) and lap shear bond strength Ob (lower curve) at
varied SET.
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4Pa

//20

Nom 400 Go00 100
KT (hr)

Fig. 1-18 SET and BET response surface for lap shear bond strength for
Al 2024-T3 -H1424.
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0b (psi) SC78-3053

1636 1998 2441 2981 3641 4447
Adherend- Al 2024T3 I I I

.066

,., 0.37
€:>

-2 0 .87

/

7.4 7.6 7.8 8.0 &2 8.4

I n a%

Ob (psi)
1636 1998 2441 2981 3641 4447

2 i 1 1

Adherend - Ti-6A1-4V 0.066

0 - .37

C0

-2 -. 87

-4 9 0.98
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Inl

Fig. 1-21 Comparison of Weibull shear strength distributions for aluminum
(upper view) and titanium (lower view) adherends.
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PREPARATION DRYING
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WATER
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Fig. 2-2 (Upper): Change in molecular weight distribution and sol-gel
state with degree of cure (idealized).
(Lower): The effect of degree upon glass transition
temperature Tg9 and melt temperature T. for liquid flow
(idealized).
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Fig. 2-3 Idealized isothemal dynamic mechanical monitoring of degree
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Fig. 2-6 Conversion of measured stress-strain to elastic-plastic
analog (I) and introduction into fracture mechanics (11) and
stress analysis (111) predictive models.

122



* Rockwell Intemational
Science center

SCS291.7FR

SC81-13600

COMPOSITE MATERIALS j

MEASUREMENT
AND ANALYSIS PROGRAMUV ° RAI tO

HYDROTHERMAL CYCLING
MECHANICAL LOADING

UV DAMGE

UV-VISIBLE SPECTRUM
IR SPECTRUM

INCREASE CHEMICAL ANALYSIS
OPTICAL ABSORBANCE

SWELL-GEL
LIQUID CHROMATOGRAPHY

I DTHERMAL TRANSITIONS
WEIGHT LOSS EMBRITTLEMENT VISCOELASTIC SPECTRUM

ADHESIVE TACK STRESS CONCENTRATION HYDROTHERMAL ANALYSIS
DIRT RETENTION

STRESS-STRAIN RESPONSE
CAVITY FAILURE ENVELOPE

FORMATION FAILURE STATISTICS
DEFECT ANALYSIS

PROBABILISTIC PREDICTIONS

CRACKING SURFACE ENSRGET.CS
BONDING CHEMISTRY
FAILURE ANALYSIS

AUGER PROFILING
AC IMPEDANCE SPECTRUM
CURRENT-VOLTAGE PROFILE

CORROSION CORROSION MODEL
CORROSION TEST PLAN
LIFE PREDICTION MODEL

RELIABILITY-DURABILITY LIFE PREDICTION TEST PLAN
RR MATERIALS-PROCESS OPTIONS

Fig. 2-7 General laminate life prediction program.

123



Rockwell International
Science Center

SCS291 .7FR

IV

0

(, qa

W Oa

(;*Y

__1W/ DO' we-A)3N O

IOiO,/ NO LN4 um

0 o125



+HI OIE)OI - d SC5291 .7FR

-X

a U

IA

4i

LU

0C
(Hd Ml) (N HDIH

3GIX 31313W 3OX0 lsN

jw smau omm

OVOL)~~ S U3Vwwxw

126 _ _ I- '



Oil Rckell International
SineCenter

SC5291.7FR

I +H1 DOI - Hd-Vl

L

0 )

C;

S ~sniavu mwoiv

30N31VA Iwfnftixvw

127



SC5291 .7FR

SC82-15896

14 - KoH(IN)
NaOH (IN)

12

- OMg(OH) 2 (SAT)

10 0 Fe(OH) 2 (SAT)

0 8

0 HOH
UI

CH 3BO3 (0.1 N)

4- O H2CO3 (SAT)

2H 2S04 (IN)

0 - HCI(IN)
-I i I I

0 1 2 3 4 5 6 7 8

MV/R

Fig. 3-4 pH vs (MV/R) for acids and bases.

* I128

* . I



Rockwell Intemational
Science Center

SC5291.7FR

SC82-15897

14 \ CaH 2Ox
2

\ 0 H3A103

0 HI\

HAS2 \ H3B3

CL ~H2N202

A 4 20 0 pKA -16 -3 (-R)bg H20\

"NO u4 0 HC2H3O2

02 0C0 2H

2 H2 P 3 8  0..H506
4103  / "103

H4 P2 07  0

H2SO4  HNO 3

-20 2 4 6 8

MV
R

Fig. 3-5 Acid dissociation index PKA vs (V/R) for miscellaneous
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Fig. 3-7 Calculated maximum Coulomb energy UI between adsorbate
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Fig. 4-4 Computed estimates of nominal tensile stress vs strain
response and failure (indicated by X in upper curves) and
fracture energy (lower curve) of linear polyvinyl chloride
(Tg 348 K,M~ 8.53E5 pm/mole).
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Fig. 4-11 Calculated temperature dependence of tensile fracture energy
WT per unit volume of unnotched linear ATS polymer.
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Fig. 4-13 Calculated temperature dependence of tensile fracture energy
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polymers at 298K (data from Ref. 5).

154

k_ . -,, ....



Rockwell International?Science Center
SC5291 .7FR

15 SC82-16713

NYLON 6, 6
12.5

~10
U

p-CHLOROPRENE 
S(H)0

7.5- JCF2 ~ PISBAORN

5
5 7.5 10 12.5 1

6 (EXP.) (cal/cc)4
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Fig. 5-9 M.vs Tg9 for atactic polystyrene (data from Refs. 13, 14).

157



SC5291 .7FR

SC82-1671 1
MOLECULAR WEIGHT (NUM.AVE.) Rn (MONOMER)

5-103 500 250 125 104
400 1

Tg- 2 [1 [U + CWt

300

1r[Z -21
Tg Tg0  2Cr l

cp -11r[Z -2--r 2Z

200 -o

100 -T -Tg LZ -2]1
[g=3Z -2J

Tg Tg ~ (C =0.z - 1)

0 0 2 4 6 8 10

n0IM (MOLE/gm)
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Fig. 5-14 Comparison of computed T and T* curves for nonstoichiometric
TGMDA/DDS (see Table 5-22) and measured T X's) for Iercules
3501-5 epoxy resin (see Table 1-6 and Ref. 44).
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Fig. 6-1 Tensile response of C2F4 homopolymer (lower view) and
(C2F4)I.O (C3F6)o.l1 copolymer (upper view) films.
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Fig. 6-2 Tensile response of (CF2CFCL)i.o (CF2CII2)0.03 copolymer

Muper view) and polybisphenol-A carbonate (lower view)
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Fig. 6-3 Tensile response of polyethyleneterephthalate film.
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film.

166
'I W

-l -- ,.



'Rockwell International
Science Center

SC5291 .7FR

* 100 16K 1SC82-20431

P 150K

/15K 0K 2K20

Bo-

cc 75

c400

00 800% 12001002002K

SHEAR STRAIN

Fig. 6-5 Calculated shear stress vs strain response for equlmolar
isoamyl-neopentyl acrylate copolymer (1,4 1.03E6 g/mol,

.T9  230KC).
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Fig. 6-6 Calculated tensile stress vs strain response for equimolar
isoamyl-neopentyl acrylate copolymer (Mn 1.03E6 glmol,
Tg -230K).
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Fig. 6-7 Calculated shear (upper view) and tensile (lower view)
works of deformation per unit volume.
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Fig. 6-8 Calculated shear stress vs strain response for equimolar
isoamyl-neopentyl acrylate copolymer (Mn a 1.03E6 g/mol,
Tg - 230K) with light crosslinking (MC 3.42E4 g/mol).
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Fig. 6-9 Calculated tensile stress vs strain response for equimolar
isoaniyl-neopentyl copolymer (Mn - 1.06E6 g/mol, Tg, 230K)
and light crosslinking (Mc 3.42E4 g/mol).
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Fig. 6-10 Calculated shear (upper view) and tensile (lower view) works
of deformation per unit volume.
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Fig. 6-11 Calculated shear stress vs strain (solid curves) response
(see Fig. 6-8) and elastic-plastic analogs (dashed curves)
for lightly crosslinked equlmolar Isoamyl-neopentyl acrylate
copolymer.
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Fig. 6-12 Calculated (X) and 'experiment (-) effects of moisture on T
of six cured epoxy resins (3501-5, 3501-6, 5208, 934, 3502?
and WID 2373); (for data see Ref. 6, 36).
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Fig. 6-13 Calculated engineering shear modulus (upper) and tensile
modulus (lower curves) for cured epoxy with varied AtS
moisture.
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Fig. 6-14 Calculated shear strength (upper) and shear extensibility
(lower curves) for cured epoxy with varfed wt% moisture.
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Fig. 6-15 Calculated specific fracture energy In shear (upper) and
tension (lower curves) for cured epoxy with varied wa
moisture.
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Fig. 6-16 Calculated failure envelopes in shear (upper) and tension
(lower curves) for cured epoxy with varied wta moisture.
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Fig. 6-17 Unidirectional reinforced composite.
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Fig. 6-18 Packing geometries for regular uniaxial fiber arrays.
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Fig. 6-20 Schematic showing the observed variation in failure mode and
fracture stress Ob with crack length c in damage tolerant
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Fig. 6-21 Calculated curves of composite Strength maximum ab(max)
and minimum ob(min) vs crack length C.
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Fig. 6-22 Peel mechanics (upper and left views) and failure criteria.
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